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/Pages  6Cl'-60]^  "i  i-  ■;  ;  '  v,  ;  A.  S.  Tros^ln 

Dmltriy  Nikolaysyieh  Wasonov >  outstanding  Soviet  scientist;  an^ 
creator  of  a  leading  school  of  eytoloey  In  the  USSR,  died  two  years  . . 
ago.  ^  ■  .  \  :  ' 'r';  : 

Dmltriy  Kikolayevich  held  the  banner  of  Soviet  cytologsr,  hl^  and 
did  much  to  advance  it.  We  have  a  , right  to  be  proud  of  his  achievea^Ut'.^ 
Together  with  his  uiany  co-workers  he  collected  a  vast  amount  of  Important 
experimental  data  that  served  as  a  foundation  for  progressive  new  theories. 
It  le  often  said  that  we  lag  behind  foreign  cytologists  in  several, re¬ 
spects.  Howevei*,'  there  is  no  doubt  that;  the  field  in  which  DM  toy  •, 
Nikolayevich  worked  directly- -cellular  physiology— is  one  of  the  finest 
intheworld.  l'or'thishelsentitledtothemajorcredit-: 

Dmltriy  Nikolayevich’S  creativity  is  astonishing  in  its  purpose¬ 
fulness.  He  made  many  brilliant  investigations  all  closely  interrelatod, 
each  emerging  naturally  frda  the  preceding  one  .  He  never  cared  to  go 
into  secondary  subjects,  being  attoaoted  by  the  most  significant  £^d  ; 

exciting  problems .  -  Whatever  he  engaged  in,  the  result  was  something  naw; 
and  inipbrtaht.  -'i  ci,  -  --  v.  r'.^.  ■ 

Dmltriy  Nikolayevich’s  early  work  dealt  with  organoids  - 

and  their  functions.  His  first  scientific  paper,  published  in  I9I8  w]:5.1e 
he  was  still  studying  with  the  well-known  Russian  histologist  , :  ,  v 
Aleksandr  Stanlalavoch  Dogel’ ,  was  arreport  on  the  stretching  spindle 
fibers  of  dividing  plant  cells.  This  excellent  work  was,  awarded  a  gold 
medal  i  ■■■ -i'?  .iloc  .  .  ,;;m  :vf: 

He  then  made  a  detailed  study  of  the  .Golgi  .apparatus,  demoMtoatlng 
the  connection  betoeen  this  cellular  organoid  and  the  secretory  processes 
In  the  cell  .  He  also  showed  that  the'  pulsating  yacuble  pf'  the  protoKpaiis 
is  a  homolog  of  the  Golgi  apparatus  in  the  cells  of  multi -cellular 
mals.  This  work  became  widely  known.  .  ; Da  1926  he  obtained  a  Eockefello?.’ 
grantvenabling  him  to  spend  a  year  in  the  Wilson  Laboratory  of  Columbia 
University  and  successfully  continue  .his  efforts  to. elucidate  the  function 
of  the- Golgi -apparatus 

Early  in  the  1930  ’  s  Dmltriy  Nikolayevich  showed  that  .  Vital  dyep- 
penetrating  into  the  cell  appear  in  the  form  of  granules  near  the  Golgi  • 
apparatus,  where  granules  of  the  secreta  are -normally  found.  The  cyto¬ 
plasm  and  nucleus  generally  remain  unstained,  or  only  the  cytoplasm  takes 
a  weakly  diffuse  .strain.-  s--.  -  , ' 

However,  when  the  cell  is  subjected  to  asphyxiation,  elevated  ,,, 
temperature,  acidosis,  alkalosis,  etc. ,  the  nature  of  the  vital  stain  , 
undergoes  a  marked  change .  Granules  of  dye  do  not  form,^whiie  the  cyto¬ 
plasm  and  nucleus  take  an  intensely  diffuse  stain,  rThe  difi’®™^®^^  0 

distribution  of  the  vital  stains  made  it  possible  to  vise  Intoavital 
•etaining  as  an  indicator  of  the  functional  state  of  the  cells..;  .  .fj  - 


(These  ohservatlons  led  to  an  extensive  series  of  studies  vhich  were 
accelerated  in  1933  when  Dmitriy  Nikolayevich,  at  A.  A.  Zavarzin’s  suggest¬ 
ion,  organized  a  laboratory  of  cytology  In  the  general  and  coi^arative  - 
morphology  division  of  the  All-Union  Institute  of  Experimental  Medicine, 
and  a^in  in  1935  when  be  adopted  A.  A.  Ulditonskly’s  suggestion  to  or- 
ganize  a  laboratory  of  cellular  physiology  in  the  Physiological  Institute, 

Leningrad  University.  ^  ^  xi. 

It  was  shown  that  the  most  varied  cells  always  react  to  the  same 
complex  bf  tinctorial  and  colloidal  changes  wheti  excited  by.  a  great 
variety  of  physical  and  chemical  stimuli  (applied  in  fixed  doses) ,  These 
changes  in  the  protoplasm  are  reversible  if  the  effect  the  external 
stimulus  does  not  go  too  far.  Nasonov  and  Aleksandrov  in  193^  called  the 

set  of  reversible  modifications  in  the- protoplasm  caused  by  injurious 

agents  paranecrosis.  ’  :  ^  ' 

Extensive  research  conducted  by  Nasonov ’s  school  subsequently  provso- 
that  paranecrosis  is  a  ^ocess  developing  in  phases  like  Vvedenskiy  s 
parabiosis  and  that  paranecrotic  changes  In' cells  constitute  a  firm 
foundatioii  of  the  parabiotic  process;  Establishment  of  this  fact  was 
tremendously  important  for  the  further  progaress  of  our  science  since  from 
that  time  on  the  two  great  Leningrad  schools- -Vvedenskiy -Ukhtomskly  and 
Nasonov— were  able  to  form  a  united  front  in  studying  the  basic  physio¬ 
logical  processes  taking  place  dt  the  cell  level. 

A  detailed  investigation  of  paranecrosis  led  to  the  creation  of  a 
theory  according  to  which  alterations  of  protoplasm  proteins  underlie  ^ 
paranecrotic  changes  in  the  cell. '  'These  alterations  resemble  che  inltiax 
phases  of  denaturization  of  native  proteins. 

The  reports  analyzing  the  effect  of  stimuli  on  the  cell  were  sur- 
eyed  by  Nasonov  and  Aleksandrov  in-  their  monograph  Beaktsiya  zhivogo 
veshchestva  na  vneshniye  vozdeystviya.  ’  Denaturatslonnaya  teorlya  ^ 
povyAg'.'hilftniya  1  razdr^heni-va  (The  Beaction  of  Living  Substances  to  Exter¬ 
nal  Actions .  Denaturization  Theory  (of  Injury  and  Irritation)  (19^0) , 
which  won  the  Stalin  Prize  in  I9J43 .  •  •  ,  , 

‘  Elaboration  of  the  deiiaturization  theory  brought  Dmitriy  Nikolayevicn 
into  Conflict  with  the  cembrane  theory,  which  he  then  re-extaained  in  toto. 

Dmitriy  Nikolayevich  and  his  co-workers  made  a  thorough  study  of 
narcosis,  cell  permeability,  bioelectric  properties  of  cells,  etc. 
Elucidation' of  these  phenomena  within  the  framework  of  the  merabrane 
theory  encountered  serious' difficulties  and  contradicted  a  great  facts. 

According  to  the  protein  (denaturization)  theory  of  injury  and 
irritation,  paranecrotic  changes  in  protoplasm  underlie,  at  a  certain 
depth,  the  reversible  suppression  of  cellular  f'unctions,  e.s->  in  cell 
narcosis. ‘  This  theory  holds  that  cell  permeability  and  distribution  of 
substances  between  the  cell  and  its  surroundings  are  due  hot  to  some  hypo¬ 
thetical  cell  membrane,  but  to  the  protoplasm  as  a  whole,  its  properties 
as  a  solvent,  and  the  ability  of  cellular  colloids  to  combine  chemically 
and  through  absorption  with  substances  entering  the  cell,  i.e,  sorption 
processes  are  based  on  cell  permeability. 


The  ‘blceleotric  properties  of  cells  too  received  new' clarification  • 
within  the  framework  of  the  prbtein  thebry.  These  properties  are  deter¬ 
mined  by  the  state  of  the  mineral  substances  in  the  protoplasm  and  their 
redistribution  after  injury  and  excltatioin  Injury  and  excitation  cause 
a  release  of  ions  in  the  protoplasm,  which  is  -the  reason  that  phase  and  • ■ 
diffusion  potentials  appear  bn  the  border  between  the  Intact  portion  of 
protoplasm  and  the  injured  or  excited  portion. 

Paranecrosis  was  regarded  at  first  chiefly  as  reversible  injury 
of  cells  anfl  it  was  simply  assuiaed  that  the  same  coirtplex  of  paranecrotic 
chidnges  were  also  responsible  for  the'  physiologic  excitatibn.  ■  ^ 

This  assumption  was  fully  corroborated  by,  a  series  of  reports 
published  by  Nasonoy  and  hie  cb-workers  after  the  war.  He  was  right  in 
regarding  paranecrosis  as  a  reaction  underlying  both  reversible  injury 
and  norcal  (physiologic)  excitation.  ;  V  ^ 

The  denaturization  theory  of  excitation  and  injury,;  which  reveals 
the  leading  role  of  protein  in  cell  activity,  is  a  major  contribution  to 
biology .  it  is  helpful . in  clarifying  many  phenomena  and  it  is  etlmulat ‘ag 
further  research  into  intimate  aspects  of  the  mechanisms  that  ensure  ceil  ■ 
activity.  '■ 

Belying  oh  the  vast  amount  of  factual  data  obtained  from  the  in¬ 
tense  work  of  numerous  co-workers  over  many  years,  Dmitriy  Nikolayevich 
concluded  that  local  and  spreading  excitation  are  profoundly  related  and 
that  a  certain  quantitative  relationship  always  exists  between  the'oa^il- 
tude  of  cell  reaction  and  the  magnitude  of  the  stimulus  that  provokes  • 
this  reaction.  These  conclusions  were  in  harmony  with  the  ideas  on  the 
nature  of  excitation  advanced  by  N.  Ye.  Vvedenskiy,  creator  of  the  theory 
of  parabiosis. 

This  view  of  cell  excitation  was  the  basis  of  Dmitriy  Nikolayevich’s 
gradual  theory  cf  excitation,  which  he  first  formulated  in  19^8.  The 
gradual  theory  defines  the  quantitative  relationships  between  magnitude  of 
irritation  and  magnitude  of  reaction  and  the  resultant  principles  that 
govern  the  ■taransition  from  one  type  of  excitation  to  another  as  well  as 
the  mechanism  by  which  excitation  is  transmitted. 

The  ten  years  elapsing  since  publication  of  the  gradual  theory 
have  proved  its  soundness  and  Dmitriy  Nikolayevich's  scientific  foresight. 
The  gradual  theory  has  been  confirmed  in  every  detail  by  many  investlgc 
tions  involving  different  conducting  sta^uctures  (nerve,  nerve  fiber,  muscle 
fiber) .  Ihe  consequences  flowing  from  it  have  also  been  confirmed: 
decremental  conduction  of  subliminal  excitation.  Incremental  momentum  cf 
the  action  potential,  excess  of  the  maximum  reaction  over  the  magnitude  of 
the  traveling  impulse  at  the  site  of  excitation,  and  presence  of  decre¬ 
mental  conduction  of  the  maximum  local  reaction  to  the  level  of  the  regu¬ 
lated  impulse . 

Formulation  cf  the  gradual  theory  of  excitation  is  the  peak  of 
Dmitriy  Nikolayevich’s  creative  endeavors.  It  can  be  regarded  as  a  ma.lor 
biological  idea  that  holds  broad  promise  for  research  on  the  principles 
and  mechanisms  underlying  the  reaction  of  living  systems  to  external 
influences . 


Dnitriy  Nikolayevich  and  his  co-workers  later  solved  soiae  other 
prohlens  in  cellular  physiology.  They  concentrated,  in  particular,  on 
irritability  and  the  elaboration  of  nethods  to  E©a3\ure  it.  Here  too 
Dnitrly  Nikolayevich  tade  mny  valuable  new  contributions  both  of  theoret¬ 
ical  and  of  practical  nature. 

Even  this  sketchy  account  of  the  min  stages  of  Dmltriy  Nikolayevich' s 
work  reveals  him  to  be  a  scientist  of  broad  vision  and  a  genuine  Innovator. 
His  original  research  goes  beyond  biology  and  is  Justly  Included  anong 
the  Hore  significant  achievements  of  Soviet  science. 

The  creative  path  trod  by  Dmitriy  Nikolayevich  found  expression  in 
his  views  on  the  problems  and  trrnds  of  cytology.  He  understood  cytology 
in  a  profound  sense  as  a  branch  of  science  in  which  morphologists, 
physiologists,  and  biochemists  had  to  work  out  together  the  basic  principicss 
governing  cell  activity.  Accordingly,  he  was  entrusted  by  the  Presidium 
of  the  Academy  of  Sciences  USSR  with  the  task  of  organizing  the  Sistituts 
of  Cytology  in  Leningrad.  The  Institute  of  Cytology  of  the  Academy  of 
Sciences  USSR  began  to  function  early  in  1957  under  his  direction  and  to 
implement  the  program  he  laid  out. 

High  devotion  to  scientific  principles,  purposefulness,  capacity  to 
make  severe  demands  on  himself  and  co-workers --these  are  the  q^ualities 
that  characterized  Dmltriy  Nikolayevich  as  a  man  and  as  a  seientist  whose 
legacy  will  require  mere  than  one  generation  of  specialists  to  execute. 

His  ideas  and  Inspired  creativity  will  always  be  a  reliable  support  in 
their  scientific  quests. 


SUBSmTAL  GffiUSGES  Ilf  EROIOPIASM  FOLLOWING  LOCAL  AJSD 
.  SBESEADIHG  EXCITATION 

(Paper  read  13  May  1957  at  a  conference  on  the 
■  probleias  of  N.  Ye  Vvedenshiy’s  parabiosis. 

It  vas  reconstructed  from  the  notes  of  . 

A.  V.  Zhlrmunskly  and  I.  P.  Suzdal 'stoya . ) 


/^ees  605-613  ,  ^p.  N  Nasonov 

Institute  of  Cytoloey,  Academy  of  Sciences  USSR, 


Although  I 'was  not  a  student  of  H,  Ye  .  Vveflenskiy  and  I  began 
career  as  a  histologist,  1. nevertheless  came  to  the  same  conclusions  a*? 
the  university  school  of  physiology..  Before  the  war  our  group  conce:^- 
tfa-bed  largely  on  the  processes  that  take  place  at  the  cell  site  whero^ 
stimuli'  are  applied.  Since  the  work  has  been  euEmbrized  in  a  iabnogrfph.. 
(N:-sonov  and  Aleksandrov,'  I94Q),  I  shall  touch  only  briefly  bn  the  co:^- 
tents  of  the  book,  confining  %self  mostly  to  the  research  performed  , 
after  its  publication.  •  ;  .  ;  ,  , 

We  discovered  'that  when  living  protoplasm  is  acted  upon  by  a  great 
variety  of  chemical  and  physical  s'fchn.uli^-nechanical,  thermic,  radiation, 

audible  sounds ,  high  hydrostatic  pressure ,  narcotics ,  acids ,  altoilis , 
and  other  injurious  agents— a  complex  of  similar  reversible  changes  in- 
oritably  appear  in  the  nucleus  and  cytoplasm.  We  called  -these  chafes 

paranecrosis.  ■  :  v.  r 

N.'  Ye.  Vvedenskiy  (1901)  showed  that  the  nerve  too  is  characterized 
by  an  identical  nonspecific,  physiological  reaction  to  different  external 

influences.  He  called  this  reaction  parabiosis  and  assumed  that  it  was  , 

typical  not  only  of  the  nerve,  but  also  of  any  living  system,  compari¬ 
son  of  our  ds'ta  with  Vvedenskiy’s  led  us  to  conclude  that  paranecrotio 
changes  in  protoplasm  Underlie  parabiosis .  ^  .r  r 

After  studying  the  indications  of  parabiosis,  •we  became  ConviiiCed 
that  the  action  of  different  agents  on  living  cells  causes  reversible 
denaturization  of  their  native  proteins.  The  following  considerationB 

supported  this  view:  ; 

(1)  With  denaturization  as  with  paranecrosis  there  is  decreas'^u 

dispersity  of  the  proteins.  '  . 

(2)  Viscosity  increases  in  both  cases, 

(3)  A  shift  of  the  reaction  toward  the  acid  side  is  observed,  in 

both  cases.  ■ 

.  (4)  Finaljy,  in  both  the  substrate  has  increased  capacity  to 

bind  basic  and  acid  stains.  ' 

The  latter  was  originally  known  only  -with  respect  to  living  proto¬ 
plasm.  To  convince  ourselves  that  the  reason  for  intensified  sorption 
of  stains  by  stimulated  cells  is  denaturization  of  native  proteins,  we 
set  up  experiments  involving  the  staining  of  protein  solutions 
serum,  ovalbumin)  in  native  state  and  denatured  by  various  methods. 


It  tvirned  out  that  the  same  agents  vhich  act  as  stimuli  and  intensify 
sorption  of  the  stains  hy  the  living  cells  are  responsible,  vhen  applied 
to  Llutions  of  native  proteins,  for  their  denaturization  and  strengthen 
their  ability  to  bind  basic  and  acid  stains  (Aleksandrov  and  Nasonov, 

We  attributed  this  to  the  fact  that  the  action  of  stimuli  on 
protoplasm  or  denaturization  of  proteins  in  vitro  brings  about  changes 
in  the  configuration  of  the  protein  molecules  along  with  the  appearance 
of  ionized  groups  (SH-,  0H-,  etc.),  thus  causing  increased  olndlng  of  t„ae 
stains.  Denaturization  with  paranecrosis  is  reversible 

the  early  stage.  However,  if  the  action  is  strong,  the  effect  is  impossible 
or  difficult  to  reverse.  This  circumstance,  which  is  important  in  Judging 
the  chemical  nature  of  the  excltatlln,  was  subsequently  confined  on 
pure  protein  preparations  in  our  laboratory  by  A.  D.  Braun  (19'+oa,  d;, 
and  by  Huurowltz,  Di-^Moia,  and  Tetanan  (1952).  .4. 

The  sorption  properties  of  denaturized  proteins  are  intensified 
not  only  with  respect  to  stains .  Fischer  (1935)  showed  that  chicken  ova. - 
bumln  denatured  by  high  temperature  intensifies  the  binding  of  heparin. 
Studying  the  hindlng  of  labeled  nethionlne  by  native  proteins,  A- 
Pasynskiy,  M.  S.  Volkova,  and  V.  P.  Bleldiina  (1955)  and  T.  Ye.  Pavlovskaya, 
M.  S.  Volkova,  and  .  .  G.  Pasynskly  (1955)  fo«ad  these  proteins  had 

increased  sorption  properties  when  denatured  in  various  ways. 

El  the  opinion  of  many  modern  biuchemists,  which  we  share,  the 
ionized  groups  in  native  molecules  that  appear  in  protein  molecules  after 
denaturization  are  inverted  within  the  protein  globule  and  canno 
with  macromolecular  electrolytes,  especially  with  stains.  ena  ^ 
disrupts  the  configuration  of  the  protein  molecules,  which  results  in  the 
appearance  on  their  surface  of  ionized  groups  that  can  bind  the  stains 

found  in  the  solution  (cf.  Haurowitz,  193o) .  ^  ^ 

/.  serious  objection  to  the  denaturization  theory  01  stlmi^ation 
was  the  prevalent  view  of  denaturization  as  being  irreversible  in  princi- 
nle.  However,  a  series  of  investigations  proved  that  in  the  inl.ial 
stages  of  the  process  denaturization  of  proteins  was  definitely  reversib..o, 
sometimes  heterodromlcally,  but  more  often  homodromically  (Anson  and 
Mirskv,  193itj  Kunitz,  1948;  Belitser,  1950) .  ,  x. 

After  the  war  our  group  made  further  studies  of  local  excitation 
and  the  correlation  between  local  arid  spreading  excitation.  3h  a  numbe.. 
of  papers  dealing  with  the  action  of  various  agents  on  muscles,  it  was^ 
shown  that  contractures,  paranecrosis,  and  refractoriness  (narcosis)  oj. 
muscular  tissue  arise  more  or  less  simultaneously  and  that  parabiosis  and 
paranecrosis  represent,  therefore,  different  aspects  of  the  some  phenpenon- 
the  reaction  of  muscles  to  external  stimuli  (Wasonov  and  Eaydonik,  194 ( ? 
Nasonov  and  Suzdal* skaya,  1948;  Nasonov,  1948,  ^949;  Butkevich,  1948; 
and  others)  •  Our  vievs  vefe  opposed  on  the  terminological  grounds  that 
the  concept  of  "reaction"  implies"rever3e  action”  while  the  sttoulus  causes, 
as  it  were,  a  purely  passive  change  in  the  tissue,  its  destruction,  •how¬ 
ever  this  objection  is  unfounded.  By  parabiosis  and  paranecrosis  we^  under¬ 
stand  reversible  changes,  which,  of  course,  include  -...-ash 

1  e  "reaction."  Recent  papers  by  N.  S.  Panteleyeva  (1953),  M.  N.  Ko.iJiash 
(1954),  V.  S.  Misheneva  (1955)  others  cite  biochemical  daoa  that  con¬ 
firm  o\ir  view.  -  6  - 


.  We  assuiae  on  the . hasis  of  some  general  considerations  relating  to 
the  ©volution  of  excitation’ that  a  reparative  reaction  was  also  the  prl- 
nary  reaction  fron  which  the  excitation  s«hse4uentiy  developed,  pne  my 
well  believe  that  the  most  prlni.tive  of  organiSQS—  blobs  of  protoplasm  — 
had  to  possess  the  ability  to  restore  those  injuries  to  their  steucture 
which  Inevitably  arose  after  abrupt  changes  in  the  external  envir-onment.^ 
Indeed,  it  is  inconceivable  that  the  organisms  could  have  existed  without 
such  ability.  This  property  of  a  living  system  is  apparently  as  old  ani 
as  fundamental  as  the  capacity  for  metabolism,  division,  and  growth. , 
According  to  this  point  of  view,  reversible  Injuries  of  protoplasm  are 
to  be  considered  the  most  primitive  form  of  excitation.  . 

j:  !  If. the  ability  to  repair  •'damage'*  was  the  first  stage  in  the  evo.o?.- 
t ion  of  excitation  —  the  "damage"  being  evidently  the  impetus  to  repar,-'  — 
the  next  stage  had  to  be  the  ability  not  only  to  "fix"  the. injury,  but 
also  somehow  to  guard  against  or  ©scape  from  the ’ irritant .  ; The  injury 
necessarily  became  the  trigger  mechanism  both  for  the  biochemical  procc 
leading  to  repair  and  for  the  processes  resulting  in  protection  against 
or  avoidance  of  danger. 

.  Finally,  as  animals  increased  in  slz©  With  the  development  of  iaul.ti- 
cellular  structure  and  nerve  tissue,  the  most  complete  foOT  of  excitation 
evolved,  t.e.,  spreading  excitation,  which  serves  to  transmit  signals 
swiftly  from  one  part  of  the  organism  to  another. 

,  We  were  at  first  inclined  to  regard  paranecr otic  phenomena  in  the 
cells  chiefly  as  "reversible  injury,'  but  we  later  concluded  that  local 
excitation  arising  at  the  point  of  application 'of  a  stimulus  is  caused 
by  reversible  denaturization  of  proteins  and  that  similar  changes  take 
place  even  when  excitation  is  conducted  through  the  fibers.  This  view  i.s 
supported  by  observations  revealing  that  paranecrotic  changes  lii  proto¬ 
plasm,  may  spread  slowly  through  the  cell  (Verwom,  I896;  Chambers  and 
Benyii  .I925J  Chambers,  1925;  Chakhotin,  1935;  and.  others) .  After  care¬ 
fully  studying  the  phenomenon  of  spreading  injury  in  muscle  fiber  (so- 
called  Zenker’s  degeneration) ,  we  became  convinced  that  it  is  produced  bj 
means  of  an  electj*ic  mechanism  similar  to  the  way  excitation  is  trans¬ 
mitted  along  conducting  fibers  (Eozental’,  I9I46;  Kasonov  and  Eozental’, 
19^7;  Aleksandrov,  1948) .  This  work  was  recently  repeated  in  kestern 
Germany  by  Eotschuh  (1955) >  vho  reached  the  same  conclusions  that  we  did, 
although  he  Was  unaware  of  our  research. 

We  then  set  out  to  investigate  spreading  excitation,  but  again  en¬ 
countered  the  membrane  theory  of  permeability  the  soundness  of  which  wo 
had  long  doubted  chiefly  as  a  result  of  our  efforts  to  check  the  appli¬ 
cability  of  osmotic  laws  to  changes  in  the  size  of  cells  in  media  with 
different  osmotic  pressure  (Kasonov  and  Ayzenberg,  1937;  3-938; 

Ayzenberg,  1939).  ■ 

A  critical  re-exaninatlon  cf  the  membrane  theory  of  pemeabllity  led 
us  to  reject  it  in  to  to.  This  re-examination  was  facilitated  by  the  con¬ 
clusion  reached  by  many  foreign  scientists  that  the  theory  did  not  square 


-  7  - 


vith  the  facts  obtained  by  new  nethods,  particularly  those  using  radio¬ 
active  isotopes .  Current  hypotheses  of  a  ”punp"  and  "active  transfer" 
advanced  by  sane  foreign  investigators  are  speculative  superstructures 
on  the  menbrane  theory  and  lack  direct  factual  support. 

its  place  has  been  advanced  the  sorption  theoiy  of  cell  per¬ 
meability  and  bioelectric  phenomena  expounded  by  yA.S.  !li-o8hln  in  a 
monograph  (1956),  Vhlch  is  now  available  in  a  German  translation  pub¬ 
lished  by  G.  Fischer  in  Jena.  (A.  S.  TroShin's  monograph  was  published 
in  the  German  Democratic  Republic  in  1958  -  Ed.). 

There  is  eveiy  reason  for  believing  that  protoplasm  is  a  conser¬ 
vative  system  whose  water  possesses  very  low  solvent  properties  as  com¬ 
pared  with  the  water  of  the  environment.  According  to  Troshln,  penetra¬ 
tion  and  accumulation  of  substances  in  cells  are  deteimiined  mainly  by 
three  factors: 

1.  '  Distribution  of  dissolved  substances  between  protoplasm  water 
and  environment  water. 

2.  Adsorption  of  substances  on  the  protoplasm.  ■ 

3.  Chemical  bonding  of  substances  by  protoplasm  colloids. 

Most  cell  electrolytes  in  a  resting  state  are  chemically  bound  by 
proteins,  JT  damaged  or  acted  upon  by  local  or  spreading  excitation,  the 
protein-electrolyte  complex  disintegrates,  free  ions  appear,  and  bio¬ 
electric  potentials  arise. 

It  was  conjectured  that  local  excitation  arising  near  the  site  of 
stimulation  results  in  reversible  alterations  of  cell  proteins  and  that 
similar  changes  take  place  even  in  the  case  of  spreading  excitation. ■  It 
was  natural,  therefore,  to  conceive  of  the  possibility  of  finding  in¬ 
creased  protoplasm  colorability  also  during  the  excitation  caused  by  such 
stimuli  as  a  physiologic  mediator  or  an  impulse  traveling  along  the  con¬ 
ducting  fibers.  ^ 

Experiments  yielded  positive  results.  Intensified  colorability  by 
basic  and  acid  stains  of  nerve  cells  in  frogs  and  various  mammals  was 
observed  when  nerve  processes  were  Stimulated  by  an  electric  current  or 
mechanical  trauma  (Kb tlyarevskaya  and  Boldyrev,  1939i  Romanov,  19^8  a,  b, 
1949,  1953  a;  Smitten,  1949;  Ushakov,  1949;  Zarakovskiy  and  Levin,  1953  J 
Lev  and  Rozental* ,  1958). 

Stimulation  of  the  sciatic'  nerve  and  stomach  mechanoreceptors  alid 
reflex  conditioning  caused  increased  binding  of  stains  in  the  cerebral 
cortex  of  rats  and  mice  (Levin;  1952;  Bomanov,  1953  a,  b).  However,  it 
was  not  possible  to  identify  thehistologic  elements  responsible  for  this 
reaction; 

It  has  also  been  shown  that  there  is  increased  sorption  of  methylene 
blue  by  motor  endings  in  frog  muscle  following  electric  Stimulation  of 
the  nerves  (Shapiro,  1953;  Chetverikov,  1953)- 

Lacreas'ed  sOiption  of  basic  and  acid  stains  by  tonic  and  tetanic 
frog  muscles  was  noted  both  when  the  muscles  were. treated  with  acetylcholine 
and  when  the  nerves  were  stimulated  with  an  induction  current  (Klro,  Ib  -B; 
Vereshchagin,  1949) • 
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..  'r '  Finally,  'increaBea  'binding  of  neutral  red  vas  otserved  after 
reflex  stikulation' of  tM  pancfeas  of  nice  (Ki-sorioT  and  Suz^l’skaya, 

1953)  ^nd  after  repercussion  changes  in  the  cornea  of  rats  (Zhinkin  . and 

Korsakova,  1951;  Zhirmnskly/  1955)  •  ;  '  \  'L 

,,i  ■.  Intensified  cqlorahility  of  excited  nerves  was  f^st  descrihed  in 
nonmdullate^  nerves ‘of  ihvertehrates.  -'lS.  V.  Golovina  (1955)  found  in¬ 
creased  sBrption  both  of  hasicand^^bf  acid  stains  after  electric  etimu- 
latipn  of ’the  cerehrovisceral  connective 'Of  the  fresh-vater  .mussel .  ^ _ 

Stimulation  of  this  nerve  is  characterized  hy  decrenental  conduction  ana 
a  lohg-dravn-out; regenerative  phase  (Zhukov,  19^6,  and  others).  , It  must 
have  been  easy,  therefore,  to  record  ®uhstantial  changes  in  .these  speci-  ^ 
mens;  for  Golovina  discovered  that  the  decrement  of  nerve  stain  cprres,.ionr.0 
to  the  decrement  of  conductiPn.' Segments  of  the  nerve  lying  closer  to 
the .  stimulating  electrodes  stained  more  intensely  than  the  segments  fur  ..her 


;  ’intehsificatiph^d^  another  nonmedullated  nerve 

of  the  crab  --  >raS  oVserved  ty  B.  (1950)  •  '  ^  crab’s  ne^s 

,  .  resembles  the  nerve  pf  vertebrates  in  many  physiological  respects,  bu^ 

'  differs  principaily  ' in  'duration  Pf  the  reganeratiVe  processes  (Zhukov, 
1939)7  3x1  Ushakov’s  experiments  statistically  valid  intensification  of 

.  herye  bbiorability  occurred  oi^:y  vi^^  a  Stimulation  frequency  of  about 

, 8o\to  90 ; cycles .7  '7"  '  '7.  .  -  ^  7.  '  j  '77' 

"  ®e  initial  attempts  to  f  ind' 'increased  vital  staining  in  the 

medulla ted  frog  nefve  vere  not  successful  (Smitten,  19^9) •  3!he  reason 
vas  either  the  presence  of  myelin,  vhich  could  have  prevented  penetration 
of  tde  stain,  or  the  great  speed  vith  which  total  regeneration  of  the 
.  resting  nerve  fiber  takes  place  In  the  medullated  nerve  due  to;the  transi- 
"  t orineSs  and  wave -likC  chdraCter  of  dpreadihg  excitation.  However ,  methods 
' '  were  eventually  devised  to  increase  bindiiig  of  the  stain  when  the  nerve 
vas  excited.  The  amouilt  of  stain  aliisbrhefl-  varied  ’vith  the  frequency  of 
stimuiatipn,  the  maxiiitm  be ii^  about  100  cyCies  (MasonoV  and  Suzdal 'skaya, 


ihese  data  on  l^e  binding  of  vital  stains  by*V6irious  tissues  are 
in  tltemselves  sufficiently  indicative  Of  fenaturization  changes  result¬ 
ing  from  physibiogic  excitation  .  '  Several  recent  reports' provide  addition¬ 
al  coirbbprat  ion.  7:.For  example.  Ye  7  V.  Kornak^^^  G.  ' M.  PTank,  and  .  : 

D  is.  Shteyngauz  (ijiUt)  found  a  slow  increase  in  viscosity  of  the  frog 
sciatic  nerve  when  irritated  electrically .  Fla ig  (19^7)  observed  a  'de¬ 
creased  rate  of  axoplasm  outflow  from  the  cut  rierVe  fiber  of  the  cuttle¬ 
fish  following  stimulation,  which  undoubtedly  also  suggests  increasea 
viscosity.  Some  papers  describe  reduced  opacity  in  stimulated  nerve 
(Hill  and  IShynes,  1949;  Hill,  ,1950;  Tobias  and  SOlomori,  I95O; 
I,yudkovsteiya,l952jLyudkovskaya  and  Frank,  1952),  vhich  indicates  r 
diminished  dispersity  of  protoplasm  Colloids .  Finally,  the  American 
scientists  Ungar/  Ashhelm,  Psychoyos,  aM  Ecasaho  (1957)  noted  that  ' 
proteins  isolated  from  stiniuiated  frog  arid  rat  herves  and  from  the 


cerebral  cortex  of  stimulated  cata  exhibit  the  sac®  shifts  In  the 
violet  absorption  spectrum  as  do  denatured  proteins  isolated  from  tl^ 
nerves  and  brain  at  rest.  All  these  Ahta  reveal  that  paranbcrotic^^  ;  , 
changes  take  place  in  conducting  tissues  as  residml.  sh^ts  . after  the^  . 
•passage  of  vaves  of  spreading  excitatlDn.  , .  r. ,  ,  ^  +t,« 

-  ¥e  maintain  that  reversible  protein  reactions,  -which  resemble  the 
deixaturization  of  native  proteins,  underlie  not  only  Ideal,  but  also 
spreading  excitation.  There  are  grounds  for  regarding  these^reactions, 
and  not  increased  permeability  of  the  border  membranes ’as  had  ^been  ‘ 
assumed  hitherto,  as  primary  in  the  process, of  cellular  excitation. 
Ihranecrotic  changes  arise  after  tha^  an 

mechanism  triggering  biochemical  transformation.^  The  biochemical  pape^.. 
of  Dettticke  and  Ebbecke  (1937),  T-  S.  Misheneva  (1955),  and  others  ■ 


support  this  visv.  .  ^  ^  m  -  '  ^4  - 

The  term  "parabiosis"  might  have  been  used  instead  of  paranecros. 

A  A.  Ukhtomskiy  advised  against  it  since  parabiosis  was  s tidied  ini 
conducting  tissues,  whereas  paranecrosis  was  ohsei^ed  in  all  tissues.^ 
However,  there  is  no  difference  in  theory  be'-fcween  the .  two  ter^  .^  .  '  _  ^ 

..  .  Parabiosis  induced.. i^  nerve  is  a  model,  )jut  is  neyerthelee^ 

•tation.  'What  are  the  forms  of  excitation  in  an  organism  thh-b  can  be 
identified  with  parabiosis?  The  activityi  of  adenoblasts,  for  iex^le,- 
may  be  so  identified.  It  is  highly  probable  that  excitation  of  the  smooth 
muscles,  excitation  after  tissue,. inf lamtita-blpn,  when  the  connective  tissue 
cells  are'  mobilized,  are  other  examples  of  persistent  excite'bion.,  1 
consider  it  likely  that  excitation  in  terms  of  evolution,  , as  mentione^^^ 
above,  was  an  injury  capable  of  being  repaired,  and  I  am  collecting  ^ata 
that  point  to  the  relationship  of  these  .phenomena,  .Ui  subliminal  man.^e 
tations  in  the  aerve  we  have  something  very  close  to  parabiosis,  bu-t^-chese 
phenomena  spread.  Excitation  of  a  nerve,  muscle,  ne^e  ending,  ganglion, 
or  cortex  is  marked  by  residual  changes  resembling  paranecrosis . 

Excitation  is  frequently  taken  to  mean  purely  the  fipt,  phase  o_ 

the  parabiotic  process  while  parabiosis  Is  a  state  akin  to  the  dea-th  ol 
tissue.  It  seems  to  me, that  we  should  use  parabiosis,  Ipcal  excitation, 
to  designate  not  a  state,  but' an  entire  pfocess  -.-  the  full  set  of  . 
changes  taking  place  .from  the  time  a  stiimalus  acts  until  the  tissue 
dies.  This  ties  in  more  easily  with. the  views  on  Spreading  excitation. 
After  ail  we  are  not  pulling  away  the' absolute,  refractory  phase  from  the 
traveling  wave.  Thus,  by  parabiosis  following  Ip^l  excits.tion  we  m^^ 
understand  an  entire  process .  ■  ; 


Riirrmary  j':' 

%Jhen  living  protoplasm  is  acted  upon  "by  yaripus  types  of  pnysicax 
and  chemical  stimuli,  a  set  of  revei-sible  or  parnnecrotic  changes  arise. 

A  comparison  of  ;the  nonspecificity  or  homogeneity  pf  these  chap^es  with 

the  nonspeclfloity  of  the  functional  parabiotic  changes  following  cellular 
stimulation  reveals  that  parabiosis  and  paranecrosis  are  different  ways 
of  describing  the  local  reaction  of  a  living  system  to  action  from  wiohout 
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M  mVlSTIGATION  OF  THE  LOCALIZED  ACTION  OF  ULTEAVIOIET  BAYS 
ON  LIVING  CELIE  BY  THE  MICBQBEAM  METHOD 

/Panes  6llt -62^  S.  S  Chakhotin 

^  ■  Institute  of  Cytology,  Academy  of  Sciences  USSR, 

...  Leningrad 


I  have  heen  vorking  since  1909  in  the  new  field  of  experimental 
cytology,  the  foundation  of  all  modem  hiology  and  chemistry.  My  main 
efforts  have  been  devoted  to  photomicrographic  surgery.  This  field  is  a 
synthesis  of  the  ideas  of  the  German  pathologist  Budolf  Virchow  on  the 
cell  as  the  basic  laboratory  of  life  --  expressed  more  than  a  century  ago 
in  his  famous  Cellular  Pathology  (I85S)  —  and  the  ideas  of  the  French 
physiologist  Claude  Bernard,  according  to  which  the  main  task  of  physioj-cgp.c 
research  is  to  devise  experimental  methods  such  as  enabled  the  physicist^; 
and  chemists  to  achieve  great  success  in  the  19th  Century  (Bernard,  lo7<-')  • 

After  studying  the  works  of  these  invetigators,  I  concluddd  that 
experimentation  on  individual,  isolated  cells  was  essential.  This  approach 
to  the  study  of  cellular  phenomena,  to  be  sure,  was  not  unknown  before,  but 
it  was  comparatively  rare.  I  need  only  mention  the  names  of  Chabry  (1887), 
B^lbiani  (1888),  M  upas  (1888),  Verwom  (I889) ,  Vilhelm  Boux  (I895), 
Bataillon  (1910^  and  Spemann  (I918) .  However,  in  most  instances  the  cells 
examined  were  fairly  large  (e.g.,  the  eggs  of  frogs  and  other  amphibia)  and 
success  depended  on  the  manual  dexterity  and  proficiency  of  the  experimenter. 
The  main  difficulty  encountered  with  isolated  cells  was  the  minuteness  of 
most  of  them,  which  handicapped  the  Investigation. 

Later,  after  it  had  become  increasingly  clear  that  almost  all  tha 
major  biological  problems  entail  a  knowledge  of  the  moat  intimate  cellular 
processes,  some  investigators  tried  to  circumvent  the  difficulty  by  using 
what  I  call  cellular  macroexperiments  They  are  still  used  in  cellular 
physiology  and  biochemistry.  Eoutine  physiological  and  chemical  methods 
are  applied  to  homogeneous  masses  of  cells  (bacteria,  spermatozoa,  ova, 
yeasts,  unicellular  organisms,  blood  corpuscles,  etc  ) ,  the  results  and 
conclusions  being  extrapolated  to  the  individual  cell.  Such,  for  examp3.e, 
were  the  well-known  experiments  of  Varburg  (1910a)  and  those  of  his 
students  followers  on  respiration  in  the  sea  urchin  egg,  then  his 
investigation  of  glycolysis  of  blood  elements  (Warburg,  1910b)  and  cancer¬ 
ous  tumors  (Warburg,  1923),  etc.,  or  the  work  of  Driesch  (1891),  Herbst 
(1893) ,  others  on  experimental  embryology,  and  meclminics  of  develop¬ 
ment  of  the  sea  urchin  egg,  etc.  A  very  cammon  method  now  in  vogue  is 
differential  centrifugation  whereby  the  cells  are  destroyed  while  their 
contents  are  arranged  in  layers  due  to  different  specific  weights.  It 
is  used  to  analyze  various  fractions  of  the  homogenate  where  the  chemical 
substances  or  organoids  of  the  cells  settle  (nuclei,  mitochondria,  micro- 
somes,  etc). 


Although  these  methods  are  often  useful,  particularly  in  determining 
the  chemical  composition  of  cellular  material,  prc^ucts  of  cellular 
activity,  and  (in  connection  with  electron  microscopy)  ultrastructures 
of  cellular  organoids,  nevertheless  the  results  are  of  generalized 
character  and  cannot  be  substituted  for  actual  microexperiments,  1  e  , 
experiments  on  individual  cells  using  microsurgical  instruments . 

My  initial  effort  was  to  devise  a  mechanical  micromanipulator, 
which  I  called  a  microoperatpr  (Figure  1;  Chaldiotin,  l912a) .  This  was 
followed  by  the  apparatus  of  Chambers  (I9I8) ,  Peterfi  (1924) ,  de  Fonbrune 
(1932),  and  others.  However,  I  spon  realized  that  mechanical  operations, 
even  when  performed  Vith  extremely  fine  instruments,  frequently  do  conside- 
erable  damage  because  the  act  of  penetration  rvptures  the  surface  of  the 
ce 11 >  resulting  in  Its  death.  Instead  of  a  mechanical  microneedle  I  trlod 
to  use  photochemical  action  on  living  cellular  substance  in  certain  areae 
of  spectrally  decoiiposed  light  (the  bactericidal  effect  of  ultraviolet 
rays  was  already  knovn) ,  In  I912  I  worked  out  a  technique  that  I  called 
the  radiation  mlcrobeam  method  (Chakhotin,  l912b)  and  constructed  an 
apparatus  in  which  the. "scalpel"  is  an  exceedingly  fine  btmdle  of  ultra¬ 
violet  rays  beamed- at  individual  parts  of  the  cell  tp  lindt  surgical 
action  to  the  organoids  (Chakhptin,  1935e)  v  :  r 

This  apparatus ,  (Figure  2)  utilizes  a  certain  monochromatic  part  of 
the  Spectrum,  that  is,  the  intensive  and  biologically  highly  active  group 
of  lines  obtained  from  an  arc  between  magnesium  or  cadmium  electrodes  — 

280  mu.  (This  source  of  ultraviolet  rays  was  used,  by  ]^hler  in  his  method 
of  ultraviolet  microphptography.)  Quartz  monochromators  with  Bohr  background 
lenses  optically  corrected  for  this  group  of  spectral  lines  --  are  employed 
to  concentrate  the  rays  in  a  microbeam.  The  light  beams  pass  through  a 
very  narrow  controlled. slit  whose  ultraviolet  reduced  image  is  directed 
by  the  quartz  .objective  placed  upside  down  under  the  microscope  stage  to 
the  object  (cell)  on  a  qimrtz  plate  that  acts  as  a  surgical  bed.  The 
microscopic  image,  .therefore,  serves  as  a  pricking  microbeam.  It  is 
focused  in  the  dark  by  means  of  a  fluorescent  microscreen  of  very  fine 
uranium  glass  particles  1  to  2u.  thick  on  the  preparation  alongside  the 
cell  while  the  position  of  the  beam  is  fixed  with  the  help  of  a  needle 
in  the  eyepiece  (Figure  3> .Chakhotin,  1937a) -  This  permits  the  micro- 
punct\nre  to  be  made  in  a  light  field  fcr  which  the  microbeam  coming  from 
the  slit  is  passed  through  an  opening  in  the  mirror.  Illumination  oii  the 
side  is  provided  by  an  ordinary  microscope  condenser  whose  light  falls 
on  the  preparation  through  the  same  quartz  lens  as  that  used  by  the  micro¬ 
beam.  When  the  preper  at  ion  is  moved  by  the  micrometric  screws  of  the 
microscope  stage,  the  Irradiated  point  of  the  cell  is  brought  under  the 
needle  in  the  cByepiece .  -The  cell  is  in  a  tiny  drop  of  fluid  covered  with 
a  layer  of  vaseline  oil  to  prevent  it  from  drying.  The  size  of  the  linage 
may  be  as  large  as.  2  or  3u  in  diameter,  but  we  were  recently  able  to 
reduce  it  to  1  sq.Ui;  Technically,  therefore,  it  is  even  possible  to 
irradiate  parts  of  chromosomes.  :• 


liidlvidual  cells  served  as  experimental  material:  protozoans 

(ChaKhotin;  1935®,  1936) V  filar  algae,  bvicells, ^especially  . 

urchins, and  Pholas  (Chalchotin,  1920,  1938d,  etc.),  red  and  white  ^locd; 

corpuscles,  large  hacteria,  spermatozoa,  and  isolated  cells  cf  multi¬ 
cellular  organisms.  ;  ,  N,  Li  4.^ 

The  indispensable  conditions  for  successful 'eliiplojnient  of  this 

method  are  availahility  of  suitahle  microinstrumehts,  ^possibility  of 

selective  irradiation  of  parts  of  a  cell,  'i.e.,  protection  of  the  other 
parts  against  the  rays,  and  a-eimple  method  of  ppstoperatiye  obeeryation 
of  cells  in  the  so-called  "microclinic”  (Figiare  4;  Chakhbtin,  19371^^  ^^ 

1938a)  The  latter  is  used  as  follows.  (A  drop  of  vaseline  oil  is  depositoa 
in  the  depression  of  a  slide;  droplets  of  the  fluid  into  which  the ‘ cells  , 
are  transferred  after  the  operation  afe  placed  with  a  tiny  micropipette 
under  the  oil  on  the  bottom  of  the  depression.  Mie  cells  live  for  weekti 
and  even  months  in  these  drop  chambers  where  they  may  mult ip^.  At  any 
time  they  can  be  observed,  fed,  and  exposed  to  anything, 
chemical  substances,  transferred  to  other  toops,  operated  on  again,  etc 
The  technical  objective  of  all  these  methods  and  devices  --  the  possibil¬ 
ity  of  rapid,  reliable,  and  accurate  work  --  is  thus  attained.  Ml 
manipulations  of  the  individual  cell,  including  irradiation  and  transfer 
to  the  microclinic,  talre  about  two  minutes L  A  single  cell,  e-g.,  parameciuia, 
amoeba,  or  microscopic  ovum,  can  be  operated  on  about  ten  times  together 
vith  transfer  to  the  "surgical  bed”  and  then  to  the  microclinic  and 

baolc 

Microphoto  surgical  possibilities  include:  localized  lesions  and 
destruction  of  structures  of  cell  organoids  (Figure  5)  ®Jad  localized 
stimulation  cf  their  activity!  enucleation;  sticking  two  cells  together,' 
e .g.  the  blastomeres  of  different  oVa;  study  of_  Colloidal  changes  in 
the  cytoplasm  or  nucleus  by  combining  the  mlcrobeammethod  with^  obser¬ 
vations  in  a  dark  field  (Cha khot in,  1935V  1938b) ;  study  of  local  per¬ 
meability  of  a  cell  surface  to  different  chemical  substances,  etc. 

We  present  now  some  illustrations  of  successful  employment  of 
the  ultraviolet  microbeam  method'  for  various  biological  problems,  e.g., 
parthsnogenetlc  activatidh  of  pva  of  the  sea  urching  (Figure  6)  and 
Pholas.  After  the  surface  of  the  virgin  ovum  has  been  pierced  at  oney 
pointby  the  beam  (Chakhotln,  1929),  the  egg  membrane  forms  at^the  site,  and 
stretches  over  the  entire  surface  of  the  ovum  as  in  normal  fertilization. 

As  a  result  the  ovtm  begins  to  divide  and  develop  Without  lartlcipation 

of  the  spernatoz  olds .  „  a. 

Another  example  is  teratologicai  injury  to  individual  blastomeres 

or  their  nuclei  (Figure  7)  in  the  developing  embryo  (Chakhotln,  1920J  •  ' 

After  the  nucleus  of  one  of  the  two  blastOmeres  is  pierced  by^  the  be, am, 
cell  division  and  development  of  the  Intact  blastomere  proceed  nornally 
and  produce  a  branching  of  Cells;  development  of  the  blastonrere  with 
irradiated  nucleus,  however;  halts  at  thd  single  cell  stage;  undergoing  ^ 
cvtolysis  after  a  time  like  any  cell  in  which  the  metabolic  processes  ■ 
(respiration,  glycolysis  )  continue,  but  the  resultant  energy  is  not 
utilized  for  fission. 
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other  experiments  rsyes-l®^  regeneration  of  the  cell  organoids  in¬ 
jured  hy  a  micrpheam.  Cilia  fall  out  bn  tiie  svcrfaCe  of  a  paramecium  at  ; 
the  irradiated  site  (Figure  8), 'but  nev  cilia  soon  appear  in  their  place 
in  the  cells  put  in  the  microcliriic  and  swimming  about  frbely;  following 
diTision  of  the  cell  in  tWo,  no^  ^t^^^  irradiatlbn  remain  on  the  ' 

irradiated  part  of  the  surface  (Chalshotin,  1936a) . 

Another  example  7-  an  operation  to  blind  the  stigma  of  the 
flagellated  euglena  and  prove  that  the  stigma  is  a  celluleLr  eye  (ChaWiotin) 
1936b) .  The  Gocperiment  involved  placing  an  euglena  with  a  stigma  at 
the  base  of  the  flagellik  (a  red  speck)  into  a  <iuartz  capillary  darkened 
at  both  ends  in  the  microscope.:  The  euglena  noihnally  moves  to  the  edge  ■ 
of  the  shadow,  makes  a  l80°  turn,  and  goes  back  Up  to  the  shadow  at  the  '  ; 
other  end  of  the  capillary .  While  moving  the  stigma  is  irradiated  with 
a  miprobeam,  after  which  the  euglena  enters  the  shadow. 

.  j^other  experiment  --  conditioning  (reflex  type)  of  a  paramecium 
(Chaichotin,  1938c)  .  :a  parameciu^  is  placed  In  a  tiny  drop  of  water  under 
the  microscope.  It  iaoveS  cohtjUiuously  along  the  periphery  of  the  drop. 

A  vertical  ultraviolet  barrier  is  set  up  at  a  place  in  its  path;  it  swims 
up,  recoils,,  receives  the  beam,  and  again  continues  along  the  periphery ^ 

This  is  repeated  many  times j  after  10  minutes  it  "learns”  to 'get  around 
the  barrier,  i.e.,  it  goes  around  tke  drop  off  center.  The  barrier  is 
removed,  but  the  paramecium  continues  to  swim  in  its  new  path  u  con¬ 
ditioned  reaction  has  been  formed,  according  to  Pavlov,  just  as  in  the 
higher  ahimals  and  man.  After  a  quarter  of  an  hour  the  reaction  disappears, 
the  "memoi^y"  of  the  dangerous  place  has  faded,  and  the  ‘  paramecium  again  ' 
encircles  the  drop  oh  the  periphery. 

Another  experiment  makes  it  possible  to  measure  the  difference  in 
absorption  of  ultraviolet  beams  between  the  cytoplasm  and  the  nucleus 
(Chakhotln,  i935a) .  The  microbeam  passes  Into  a  microcompressor  contain¬ 
ing  a  cell,  continues  thrOi^h  the  nucleus,  and  emerges  from  the  prepara - 
tion!  It  is  reflected  by  the  quartz  prism  under  the  Compressor  toward  a  : 
photoelectric  ell,  where  the  deviation  of  the  arrow  is‘  noted  on  the  ^ 
galvahometeh  scale  (Figure^  9).  i^ter  the  preparation  is  slightly  shifted 
by  the  micrometer  screws,  the  bean  passes  Only  throu^  the  cytoplasm 
and  the  arrow, moves  to  another  scale  division.  The  quantitative  difference 
in  absorption  of  rays  in  both  cases  characterizes  the  chemical  composi- 
tion  of .  the  different  parts  of  -^he  Cell  and  the  changes  resulting  from 
Influences  to  which  the  nucleus  and  cytoplasm  may  be  subjected . 

This  method  enabled  us  to  experiment  with  local  changes  in 

permeability  of  the  pell  surface,  Irradiating  a  spot  on  a  sea  urchin 
ovum  and  then  placing  it  in  a  ^pertonic  solution  resulted  in  a  slight,: 
invagination  at  the  site  iiiradiated  (Figure  10) ,  but  a  protuberance  on 
the  same  site  Ih  the  hypeftonic  fluid  (Chakiiotin,  1921a)  .  This  method 
permits  quantitative  analysis  of  the  role  of  the  nucleus  in  cell  respira¬ 
tion.  A  sea  urchlh  ovum  iS  placed  in  a  quartz  capillary  where  the  fluid 
is  se:i^ated  from  a  solution  of  potassium  hydroxide  by  an  air  bubble 
(ChakhotlnV  1935a,  1936c) ^  eyepiece  of  the  microsCope  has  a  scale 
to  measure  the  size  Of  the  bubble.  The  ovum  absorbs  Oxygen  from  the  : 
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tu-bble  and  isolates  the  carbon  dioxidf  ahsQrbed  by  .the_pote^^^ 

The  bubble  shrinks  in  proportion  to  th©  tiine  elapsing  from  the  start 
the  experiment.  We  can  thus  determine  the  ^hte  of  cell  respiration. 
Irradiation  of  the  nucleus  of  the  ovicell  shovs  tl^t  ctongeS  in  the  ra  e 
of  respiration  do  not  occur  here,  i.e.,  $he  nucleus  is  hot  involved  in 

the  respiratory  processes,  _  , 

I  should  like  to  describe  still  another  microexperiment  (Chakhotin, 

1935c) .  One  of  the  contractile  vacuoles  of  a  paramecim  is  irradiated 
vith  a  microbeam,  then  a  second  vacuole  (Figure  11);.  they  cease  to  _ 
pulsate  (i.e.,  separate  vater  from  the  body)  and  increase  in  size.  ^Placea 
in  the  microclinic,  the  cell  distends  and  finally  undergoes  cytolysiB.^ 
Hovever,  if  before  this  the  cell  is  again  placed  on  the  surgical  bed,  ^  . 
i.e.  in  a  drop  on  a  quartz  slide,  and  its  cytostome  then  irradiated,  ^ 
the  cilia  of  the  latter,  which  introduces  vater  into  the  body  of  the  ce.  .'., 
cease  to  beat,  water  no  longer  enters,  and  the  cell  transferred  to  the 
microclinic  recovers .  The  water,  moreover,  is  drawn  by  diffusion 
through  the  surface  of  th©  cell,  swelling  of  the  bodydiSappears,  the 
vacuoles  begin  to  pulsate  again,  and  the  parameclum  resumes  norpal 
swimming  in  the  microclinic.  This  phenomenon  of  cellular  dropsy  .some¬ 
what  resembles  edema  in  a  uremic  crisis  in  higher  animals  and  man  and 

the  "water  diet"  treatment.  „ 

All  these  surgical  possibilities  depend  on  the  specif iC  action  of 
ultraviolet  waves  on  different  morphological  structures  Pf  the  cell,  i.e., 
ultinfitely  on  the  chemism,  physiocochemical  properties  of  ultiastructures, 
biochemical  processes  in  the  cell  and  its  or^nolds.  ^ 

Twbmain  facts  stand  out  here:  (1)  coagulation  of  denatured  pro¬ 
tein'  colloids,  and  (2)  the  differing  sorption  of  ultravioleterays  of 
certain  wave  lengths  by  the  various  chemical  substances  const! tuti^ 

the  cell  organoids,  with  their  subsequent  photochemical  disintegratim. 

I  performed  a  variety  of  experiments  along  both  lines  to  eluci^te  the^ 
essence  of  the  problem.  Sere  are  some  of  them-  ..Ppllovii:^  local  irrad..a- 
tion  of  portions  of  amoeba  cytoplasm  in  s  ^rk  f  ield  (Chatootin, 
localized  coagulation  of  the  protein  colloids  took  place, at  the  site  oj. 

irradiation  (Figure  12).  ^  ^  4. 

The  opposite  picture  was  observed  when  one  of  ;the  two  nuclei  ot 

tophileptus  (Figure  13)  was  irradiated  (Chakhotin;:  193^),. _ 
more  trlHsparent  in  a  dark  field,  i.e.,  disperslty  of  the  collol^ 
in  increased  (their  hydration  increased).  To  achieve  selective  irrad_-tio 
and  to  prevent  ultraviolet  ray  destruction  of 

through  which  it  has  to  pass  before  reaching  the  nucleus,  it  is  nec.eBSc...^y 
to  Increase  slightly  the  concentration  of  calcium  ions  in^the  medim, 
which  here  stabilize  the  protein  colloids  of  the  surface  (Cha^ptin, 

1935a,  particularly  Impprt^t.  Local  Irradiatloh^of , 

one  of  the  two  blastomeres  of  a  sea  urchin  bvicell  in  sea  water  to  which 
lithium  ions  have  been  added  will  cause  that  blastomer©  to  swell  because 
lithium  has  penetrated  it  and  affected  the  protein  colloids .  Ve  can 
thus  selectively  poison  parts  of  an  embryo. 
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Another  experiment.  If  ye  irradiate  the  periphery  of  one  cell  of 
the  funffUie  'Ascoidea  ruhescens  (of  the  Eemlascoiiycetea)  in  an  allsalihe 
solution,  the  vacuum  e iphon  in  the  celi  disintegrates  into  spheres  in  vhich 
Che  Brownian  movement  of  the  thick  mass  of  luiilnescent  micelle  can  he 
clearly  Seen  in  a  dank  fields  This  process  is  reversihle—  the  siphon 
quickly  reeSnerates  (ChaMiotin  and  Gavodan,  1936a,  h) ;  However,  if  the 
reaction  of  the  medium  is  acid,  irreversihle  coagulation  of  the  contents 
of  the  •nScini^  place.  The  same  phenomem  may  he  observed  without 

irradiaition  If  the  medium  has  ammonia  ions  or  liposoluhle  organic  bases, 
e.g.,  chollnej  oh  the  other  hand,  there  will  he  coagulation  if  liposoluhle 
organic  acids  (e.g.,  acetic  acid)  are  added  to  the  medium. 

A  filial,  revealing  experiment  (Chakhotih,  1912c,  l921h) .  Lipoid 
granular  Inclusions  of  leclthal  character  in  a  sea'  urchin  ovum  are  stained 
red  with  vital  neutral  red,  whereas  sea  water  that  has  an  excess  of  -■ 

hydroxl  ions  is  stained  yellow  with  the  same  dyes.  If  we  irradiate  locally 
the  surface  of  a  cell,  we  can  see ‘the' gTaidual  change  of  the  red  color ‘WithJja 
the  cell  to  yellow  in  concentric  circles  beginning  with  the  irradiation  ’ 
site.  .¥e  Conclude  that  the  change  is  Caused  by  hydroxl  ions  of  the  medium 
penetrating  the  cell  at  a  place  of  uiiusual  permeability.  However,  this 
also  hapi^ns,  although  to  a  lesSer  extent  and  more  slowly,  after  irradia- 
tiou  of  a  red- stained  ovum  in  a  solution  with  a  neutral  reaction.  Here 
too  the  color  changes  into; yellow,  thus'lndicating  the  presence  of  hydroxyl 
ions  inside  the  ovum. "  Apparently  the  lecithins  disintegrate  photOchemlcally 
into  their  constituent  parts,  particularly  into  alkaline  cholihC,  which 
is  gradually  carried  in  the  cytoplasm  to  the  adjacent  granules,  causing 
in  chain  fashion  cytolytic  disintegratlbn  with  the  formation  of  choline. 
Leclthsn  i??radlated  with  ultraviolet  light  in  vitro  is  known  to  yield 
choline'.;'  f'  \  /'’a 

.The  results  of  all  theSe  experiments  Suggest  that  the  action  of  Ultra 
violet  rays  may  he  largely  due  to  changes  in  celltilar  permeability.  Con¬ 
sequently,  a  study  of  permeability  may  Well  throw  light  Ch  a  host  of 
related  questions.  Cto  the  mechanism  of  cell  permeability  there  ots  two 
hypotheses  ttet  at  first  glance  Seem  to  be  contradictory:  (d)  the  older 
hypothesis  of  the  existence  of  a  semipermeable  coating  dr  membrane  on 
the  cell  surface,  and  (b)  the  sorption  hypothesis  (1-Sonov  ard  Aleksandrov, 
1943;  TrOshin,  19$6;'  Hasonov,  1959),  which  relies  chiefly  on  the  donceptlon 
of  a  Ccacervate  structure  of  protoplasm  (Bungenberg;  de  Jong,  1932) •  How¬ 
ever,  it  is  quite  possible,  indeed  probable,  that  both  explanations  are 
valid  and  that  the  two  factors  eoaxist,  with  one  of  the  other  type  pre- 
dtiminatlng  in  a  given  entity.  The  physicochemical  view  of  phases  maintains 
that  the  surface  layer  of  cytoplasm  must  be  different  from  and  denser  than 
its  inner  layers;  therefore,  the  surface 'film  conslstirig  of  protein  and 
lipoprotein  molecules  And  micelle  niay  have  a  coacervat©  structure  With  ' 
all  the  properties  thereof . 
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However,  there  is  still  another  pose it ie  view,  one  which  does  not 
contradict  the  sorption  hypothesis,  i.e.,  deplolarization  ofeleinehts 
of  the  cell  surface  hy  ultraviolet  rays  (the  cell  surface  is  known  to 
carry  chiefly  a  negative  electric  oharge).  When  irradiated,  the  surface 
is  locally  depolarized,  causing  a  change  in  surface  tension  with  certain 
mechanical  consequences.  Ex^nsion  or  contraction  of  the  pores  in  the 
surface  layer  then  heocanes  possible.  _  Finallj^,  we  can  also  have  the 
action  -i  accelerating  or  inhibiting:—  of  ultraviolet  light  oh  foments 
since  catalytic  phenomena  are  known  to  play  a  malof, 

chemical  processes.  -  i  j.’ *.'i 

It  follows  from  the  above  that  there  can  be  no  single  explanation, 
i.e.,  all  the  possibilities  may  coexist.  The  final  answer  awaits  further 
research,  which  may  consist  of:,  (l)  a  combination  of  experiments  using  ^ 
the  microbeam  method  and  chemical  actions;  (2)  an  investigation  Of  chang,'^ 
in  cellxilar  reactions  to  irradiation  under  various  temperature  and  pH 
conditions;  (3)  an  investl^tion  of  surfaces  of  nltrastructures  with  ah 
electron  microscope;  (b)  an  investigation  cf  cellular  reactions  to  micro¬ 
beams  of  different  wave  lengths,  particularly  those  of  the  infrared  areas 
of  the  spectrum,  and  of  the  visible  rays  with  simultaneous  sensitization 
of  objects  by  photodynamic  substances  in  the  spirit  of  T^ppelner's 
work,  (1900,  1911);  (5)  an  attempt  to  use  ionizing  radiation  for  local  micro¬ 
punctures;  (6)  experiments  with  molecules  labeled  with  radioactive  iso¬ 
topes  and  their  detection  in  order  to  establish  their  topography  in  the 

cell.  ;  ,  ,  ■,  . 

The  method  that  we  first  proposed  in  I9I2  for  studying  cellular 
morphology  and  physiology  with  an  ultraviolet  ndcrobeam  was  eventually 
employed  by  researchers  in  various  countries ,  Eor  example ,  in  Germany 
Schleip  (1929)  and  his  students,  Fenners  and  others  (1924)  on  the  mechanics 
of  ovum  developaent  in  Tub if ex  and  other  worms,  Seidel  (1926)  on  Insect 
ova,  D&cken  (1933)  on  the  ova  of  amphibia  (Dvorckeh  slightly' modified  my 
apparatus,  adapting  it  to  irradiation  of  larger  and  nontransparent  ob-  . 
Jects  —  the  ultraviolet  microbeam  is.  aimed  at  them  from  aboVe);  in 
Italy  Ternl  (1933)  and  his  co-workers  Arslan  and  Cojazzi  (1934)  on 
spermatozoids  and  epithelial  call® J  iln  Belgium  Pasteels  (1938)  ab 
ova  of  molluscs,  etc.  More  recv'ntly  Zirkle,  Bloom  and  Ti^tz  (1953,  4955  > 
1956,  and  1957)  in  the  United  States  haVe  conducted  Interesting  research 
involving  irradiation  of  parts  of  mitotic  figures  in  triton  (Triturus)  cells, 
etc. ,  using  the  ultraviolet  microbeam  method  and  ionizing  radiation. 

Summary  : 

Microphoto  surgery  as  a  field  of  experimental  cytology  employing 
ultraviolet  (UV)  rays  arose  from  a  synthesis  of  the  ideas  of  Eudolf  Virchow 
and  Claude  Bernard,  its  main  feature,  unlike  cellular  macroexperimshts 
with  homogeneous  masses  of  cells,  is  microexperimentation  on  parts  of 
single,  isolated  cells. 
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This  article  described  the  principle  underlying  an  apparatus  for 
microptmcture  utilizing  a  monochromatic  beam  of  UV  rays  of  280  mu,  the 
diameter  of  vhich  can  be  reduced  to  lu.  The  main  prerequisite  for 
-success  in  the  experiments  is  a  "mlcroclinlc"  where  the  cells  operated  ■ 
on  can  be  kept  alive  for  a  long  period  of  time . 

Examples  of  successful  microexperiments  were  cited:  parthenogenesis 
of  a  sea  urchin  ovum  by  focusing  a  local  microbeam  on  the  surface;  ;  ;  -  , 
teratological  operations  of  individual  blastomeres  and  their  nuclei  in 
the  course  of  development;  local  coagulation  of  proteins  in  amoeba  proto-: 
plasm  at  the  site  irradiated  by  the  UV  microbeam;  loss  of  cilia  at  the 
irradiated  Site  on  the  surface  of  Ciliata ;  invagination  of  the  surface  or 
purely  local  ruptures  with  outflow  of  some  cytoplasm;  irradiation  of  the 
stigma  of  euglena  resulting  in  its  blinding;  formation  of  a  coi^itioned 
reflex  in  a  parameCium  as  shown  by  avoidance  of  the  place  in  the  medium  ‘ 

where  the  UV  microbeam  is  directed;  local  changes  in  the  permeability  of 
a  sea  urchin  ovum  at  the  site  of  an  UV  microbeam  and  penetration  thereof 
by  ions;  investigation  of  the  role  of  the  nucleus  in  cell  respiration  by 
combining  the  capillary' micrOmanomster  and  UV  microbeam  methods;  halting 
of  contraction  in  the  vacuoles  of  a  parameclum  causing  d©structive  swelling 
of  the  body  of  the  cell,  which  disappears  after  beating  of  the  cilia  in 
the  cytostome  is  stopped  by  irradiating  the  latter  with  a.  UV  microbeam; 
using  a  photoelectric  cell  to  measure  the  difference  in  absoitption  of  ©■  v 
UV  microbeam  after  local  Irradiation  of  points  in  the  nucleus  and  cytoplasm. 

All  these  microoperations  are  feasible  because  of  the  specific 
action  of  UV  rays  on  different  cellular  structures  and  biochemical  processes 
in  the  cell.  This  action  is  manifested  in  the  denaturizatton  of  protein 
colloids  caused  by  differences  in  the  sorption  of  UV  rays  by  parts  of, the 
cell  and  the  subsequent  photochemical  disintegration  of  substances  in 
these  parts.  -:  It  is  sometimes  necessary  to  stabilize  the  colloids  on  the 
surface  layer  of  the  cell  by  adding  calcium  ions  to  the  medium  in  order 
to  differentiate  the  effect  of  the  microbeam  on  the  nucleus  and  cytoplasm. 
Local  chants  in  permeability  make  it  possible  to  carry  out  elective  poi¬ 
soning  of  individual  cells  in  a  germ  by  various  chemical  substances. 

The  mechanism  of  local  UV  microbeam  action  on  permeability  may 
be  explained  by  the  sorption  hypothesis,  which  assumes  a  coaceryative 
structure  of  the  cell.  Sometimes,  however,  even  thicker  films  may  be 
found  on  its  surface,  and  these  are  subject  to  the  laws  foimulated  by  the 
meiabrane' theory.  •  :  ' 
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EROTEIK  STRUCTUEeE  AHD  lOK  ADSOEPTION  IN  TBE 
MECHANISM  OF  CELLULAR  EXCITATION 
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~  Laljoratory  of  Phanoacology,  Vitanln 

Corporation  of  Aiaerica,  Nev  Yorlc 

Excitation  is  a  fundamental  process  that  links  living  matter  to  tha 
environment.  Excitation,  recognized  as  a  fundamental  hiological  process 
hy  Glisson  back  in  the  iTth  Century,  vas  identified  before  the  discovery 
of  bioelectric  phenomena  by  Du  Bois-Beymond  with  motility,  which  is  still 
the  most  reliable  criterion  of  excitation.  At  the  turn  of  the  century 
Augustus  W‘-ller  demonstrated  that  the  excitation  of  living  matter  was 
a  universal  process. 

Great  progress  was  made  in  investigating  the  physiological  phenomara 
associated  with  excitation,  especially  since  the  cathode  oscillograph  caw 
into  use.  The  chamical  aspect,  on  the  other  hand,  was  ignored  until  com¬ 
paratively  recently. 

For  a  long  time  we  only  knew  about  such  chemical  changes  occurring 
in  the  cell  during  excitation  as  potassium  loss  and  sodium  gain.  However, 
even  these  changes,  according  to  the  widespread  theory  of  Bernstein  (1902), 
resulted  from  mechanical  factors,  e.g.,  permeability  of  the  cellular  mem¬ 
brane.  It  is  only  now  that  we  are  becoming  aware  of  the  biochemical 
phenomena  accompanying  excitation.  Most  of  the  observations  boar  on  the 
metabolism  of  an  excited  cell  as  compared  with  a  resting  cell.  These 
facts  are  tremendously  important  in  determining  the  sources  of  energy  re¬ 
quired  for  the  process  of  excitation,  but  they  affect  the  mechanism  of 
excitation  only  indirectly. 

An  attempt  is  made  in  this  paper  to  analyze  some  of  the  biochemical 
and  physicochemical  factors  directly  Involved  in  the  transition  of  a  cell 
from  a  resting  into  an  active  state.  The  role  of  proteins  in  this  procesa 
is  examined  in  detail. 

Several  earlier  investigations  indicate  that  proteins  are  important 
in  excitation.  Intensified  protein  disintegration  during  excitation 
was  observed  by  Soula  (1913)  snd  Hirschberg  and  Winterstein  (1919) •  lu- 
tenslf ication  of  protein  metabolism  in  nerve  centers  following  prolonged 
Irritation  was  recently  demonsta^ated  by  the  mlcrospectrophotometrlc  ob¬ 
servations  of  Hyden  (1955)  ®nd  the  studies  of  Friedberg,  Tarver,  and 
Greenberg  (19^8),  Galtonde  and  Richter  (1955)  ^  Palladin  (1956)  of 
labeled  amino  acid  incorporation.  Geiger,  Yamasaki,  and  Lyons  (1956) 
and  Un^r,  Aschheim,  Psychoyos,  and  Romano  (1957)  observed  the  formation 
of  protein  disintegration  products  during  cellular  excitation. 

Evidence  of  more  delicate  changes  in  proteins  can  be  found  in  the 
early  works  of  Lugaro  (I895)  and  Carlosson  (I902-I903)  on  the  affinity 
of  nerve  cells  for  certain  stains.  Nasonov  and  his  co-workers  (Nasonov, 
19i»9,  1959^  Nasonov  and  Suzdal ’skaya,  1957 i  Troshin,  1956)  were  the  first. 


to  realize  the  true  significance  of  these  cfenges.  After  extensive  re¬ 
search  they  showed  that  Irritation  ’of  the  nerve  centers >  myelinated  and  ; 
nonmedullated  nerves,  '  4n4  mnscles  caMSs  a  vai«iety  of'  is^ifestations^..^  r 
grouped  under  the  ooipmbh'  mame  of  ’'phranecrosis’."  These '  Include  cblloidal; 
changes.  Increased  viscosity,  and  heightened  affinity  for  certain  kinds  ■ 
of  vital  stains.  They  ’were  interpreted  as  evidence  that  proteins  in 
the  excited  cell  undergo  etructural  changes  similar  to  those  occurring  ^ 
in  denaturizatiohV, 

i.  In  1955  when  our  work  on  tisehe  reaction  to  injury  logically  led  < 
us  tb  'the  prohleia  of  excitation  we  were  still  unaware  of  Nasonov's  -  v 
research  (Pngar  add  Damgaard,  195^ >  1955>  Ungair,  1956j  Ungar  and  Kadis, 
1959) .  . We  were  convinced  that  this  reaction  is  ihvariab]^  accompanied 
by  the  formation  of  protease  and  subsequent  proteolysis.  However,  It  ; 
turned  out  that  physiplogical  irritation  requires  finer  and  more  easily : 
reversible  processes  than  •proteolysis.  Ve  therefore  advanced  the  working 
hypothesis  that  normal  excitation  is  marked  by  structural  changes  in  ^ 
proteins  without  rupture  of  the  peptide  bonds.  -  '  *'  ■ 

The  exiatehce  of  these  phenomena  was  oonjectured  by  Eapkine  (1931) > 
who  observed  them  during  egg  fertilization,  and  by  Mirslsy  (1936)  in 
connection  with  the  effect  of  light  on  visual  purple. 

The  great  progress  in  protein  chemistry  made  during  the  last  few 
years  has  considerably  lightened  our  task  and  we  no  longer  have  to  con¬ 
tend  with  the  theoretical  and  technical  difficulties  that^  confronted 
the  early  investigators. 

Changes  in  Conf  Igufation  of  the  Protein  Molecixle 

Denaturization  of  proteins  is  now  regarded  as  a  weakening  of  the 
solid  structure  of  the  molecule  due  to  rupture  of  some  of  the  crosslin’is 
without  hydrolysis  of  the  peptide  bonds.  These  crosslinks  may  be  hydro¬ 
gen  bonds,  salt  bonds,  bisulfide  and  phosphate  bridges,  thio  ether  bonds, 
or  Van  der  Waals  forces.  When  these  bonds  are  broken,  the  protein  spiral 
unwinds  and  f  oris  Irregular  balls .  ;• 

It  was  known  back  in  1933  (^nson  and  Mlrsky)  that  denaturlzatibn 
may  be  a  readily  reversible  process,  but  only  a  fev  —  Nasonov,  Eapkine, 
and  Mira ky  --  understood  the  possible  physiologic  significance  of  the 
native  proteiny-^  denatured  protein  reaction.  Mirsky*s  assumption  that 
light  irr itati(m  causes  changes  resembling  diermiturization  in  the  opsonic 
part  of  visual  purple  was  confirmed  much  later  by  Wald  and  Brown  (1954  " 

1952).  ^  '  ■  ■■  ■ 

.There  are  many  criteria  of  denaturization.  Changes  in  solubility 
and  viscosity  have  been  extensively  s'budled.  Scientists  are  now  using 
more  up-tordate  research  tools.'  Infrared  spectrophotometry  (Ambrose 
and  Elliot,  I951)  is  of  limited  value  because  water  vigorously  absorbs 
light  in  the  sane  part  of  the  spec trun  as  the  groups  affected  by  denaturi¬ 
zation.  The  most  promising  method  of  determining  Which  part  of  the 
protein  molecule  is  spirallzed  and  which  part  1b  unwound  seems  to  be 
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that  employed  hy  Yang  and  Doty  (1957)  vhen  they  inyestigated  t^ 

of  scattered  polarized  rays.  Another  totereBtlngapprcacfrl 

>ydrogen-deuterivim  exchange  (Linderstr/m-Lang,  1955)  >  vhich  takes  place 
more  slovly  in  native  than  in  denat\ared  proteins.  xi  4.4  „ 

Unfortunately,  these  methods  are  feasible  only  In  Inveeti^tin^ 
pure  proteins.  To  conform  our  hypothesis,  we  had  to  employ  ^th^s  ^ 
applicable  to  tissue  extracts.  The  technique  of  uncovering^ reactive  side 
f'-roups  proved  to  be  the  most  convenient.  It  has  long  been  kno^  that 
the  number  of  Bide  groups  of  amino  acids  -OH,  ^ 

etc.) ,  which  can  be  determined  in  various  ways,  grows  in  denatj^ed  proteir.- 
Our  initial  method  was  based  bn  changes  in  the  ultraviolet  spectrum 
of  proteins  caused  by  uncovering  the  phenol  hydroxyls  of  tyrosine  (Cr^a. 
and  Meuberger,  I9U3)  •  A  detailed  account  of 

1957  After  studying  isoiated  frog  and  fat  sciatic  nerves  irritatea 
in  vitro  as  weU  as  the  cerebral  cortex  of  cats, _ doge,  and  rats,  we  con¬ 
cluded  that  the  excitation  process  is  accompanied  by  an  increase  in  the 
number  of  ionized  side  groups  of  cellular  proteins.  This  change  was  fouisi 

to  be  reversible  after  irritation- was. halted. 

.  Table'!'  , 

Changes  in  the  Content  of  SH -Groups  in  the  Bat  Brain 

After  Irritation* 


Duration 
of  irri¬ 
tation 
(in  min.) 


Time  of 
regener¬ 
ation 
(in  min.) 


At  rest 


1 

1 

1 

20 

20 

20 


1 

"  2' 

10 

20 


-SH 

in.ug 


U.56 

5.08 

4.75 
1.15 
6.55 
5.20 
it. 17 


/standard  p  -  statisti: 
deviation  cal  proba¬ 
bility 


0.57 
0.78  . 
0.83 
0.56 
1.02 
0.96 
0.32 


>0.05 


<0.001 


n-  number 
of  exper¬ 
iments 


29 

7 


.6 

26 

6 

'6. 


Brain  extracts  were  prepared  in  0.15  M  Nacl 


Spectrophotometry  also  proved  to  be  useful  in  uncovering  SH-Qroups 
of  cysteine  (Benesh  and  Benesh,  1955;  Ungar,  Aschhelm,  and  others,  1957 J • 
These  could  be  measured  much  more  accurately  in  other  ways ,  especiali^r  by 
amperometric  titration  according  to  the  method  of  Benesh, 

Benesh  (1955)*  Table  1  cites  the  results  obtained  by  this  method  Tor 
the  cerebral  cortex  Irritated  through  the  central  ehdl^  of  the  sciatic  ■ 
nerve.  It  shows  that  excitation  increases  the  number  of  SH-groups  tlti-atsd. 
The  phenomenon  appears  after  one  minute  of  Irritation,  but  it  is  more 
pronounced  after  20  minutes  (Ungar  ard  Bomano,  195o) . 
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„  . .  .  fiipi  1  Ry  yfisnits  vere  obtained  from  experlmrits  on  nerye  fpiiaatlons 
and  on  tto  submaxillary  4oeE  electricaily  excited  tibrough  the  . 

chorda  tympani,  the  urii^y  bladder  of  guinea  pigs  with  direct  electric' 
excitation,  and  isolated  dog  retina  excited  by  light.-  ^^he  seme, results 
vere  oTbserved  in  experiments  on  nei^es  and  on  brnin,  thus  indi^ilps 
that  the  phenomena  have  a  common  cellular  mtur©. 

5Hhe  experiments  performed  by,  Dr .  Bhdis  to  laboratcry  : 
euglena  cul'tures  show  that  light  appilied  to -these  unicellular  organise  ,  , 
also  causes  changes  to  the  side  groups  pf  protein.  -His  f ihdii^s  r©veal 
that  light  acting  on  a  system  bound  with'  chlorophyll  causes  structural 
changes  to  the  proteins. 

changes  in  th©  Potassium  and  Sodium  Content,  Rest  Potential, 

- ,  i  and  ITee  SH-<^oups  of  ihoiated  Eat  giaphragm  /  fter  the  . 

jD.dicatpx  ■  iControl^^^^^  >rAdthoj?s 

Potassium  (in  ug)  82.3  /  32.8  130.h  /  33-5  /  58  ^^  CTeeSe,  D’Silva 

>  ..i:-.;  .....  f .h..;;.  ■  j-: ,  .  . . :  .' Bnd ^ Korthover ,19^ 3 

Sodium  (to  ug)  -  ;53.0  /  1»:5  h2.6  /  h.5  ^  -  24.4  iPhe  same  •--  *  .f < 

Best  '  -  :  170.0  ^  10,1  r  75 ;4  /  9.0  7-7  Zierler,  1957. 

potehtial"''(to  mv')'  j-rr.:-.:  ..'  ..'.•■o. : 

-SH  (to  Ug)^^^^^:^  5.32  /I.08  4.14  /  0.84  :  ^  -  28.5  Ungar  and  Kadis, 

..frr ..  ?.  ■.'vj'.'-';  .•  ■  ■ '  ’...v.k:  L':i959  rioir.  . 

;.|'*'‘*The"  me'an  values '/'Standard^. deViat  ions  are  cited.  '■_[ 

'  ,  The  hlstochemibal  studies '  pf  Pisheh  and  Zeman  (1959)  ©how  ti»t .. 

excited  cerebral  cells  (to  picrbt'bxiri’spasm)  have  a  greater 

for  stains  than  do  cells  in  a  resting  state.  This  can  be  proved  by  ’ 
tractog  protein  changes  in  living  cells  or  in  cells  fixed  by  methods  that 
do  not  alter  the  protein  structure.  Several  laboratories  are  now  . 
actively  seafbhihg  for  these  methods.'  V  ..'V,...',' 

These  daiia  have  led  us  t6  conclude  that  changes  to  the  configuration 
cf  protein  molecules  can  be  directly  related  to  the  meCbahism  of  excita^ 
tion.  If  this  assumption  is  valid,  the  phenomena  will  have 'to  he  lliik  id 
somehow  to  electric  changes  and  to  the  shift  to  potass  ivim  and  sodium  ioh 
content  'oharacterlhtlC',;of ’.the ’;eXoited, state i'  ' V  - 

The  effect  'of '  inshlto  on  pisole  cells  makes  it  pose  ibie  to  “verify 
this  correlation.  It  has  been  den^nstra ted  that  the  addition  of  iiis^to 
to  isolated  preparations  of  rat  diaphi’agm  causes  tte  cell  to  absorb 
potassium  and  lose  sodium  iFltickiger  and  Verzar,  1954-J  Creese  and  others, 
1958)  besides  increasing  the  assimilation  of  glucose  from  the  medium. 
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This  is  accbnip^ied.  .by  intensification  of  the  renting  potential  (fierier, 
.1957)  •  According  t'd  this  ihyipDthes is,  these  changes  are  ndcssiarily 
.-ssocihted  vith  a  decrease  in  the  ■SH-guoUps .  It  is’  evident  from  Tahlb  2  " 
that  this  vah  precisely  the  Result  obtained.  The' addition  of  '0.1  unit 
of  ihsuliii  per  ml  to  the  preparation  stibstantialiy  reduced  the'- liuiriber  of 

SH -groups  in  the  Bttiscle  (Ungar  a.nd  Badis  ,  1959)  •  '  ' 

It  is  probable  that  changes  in  protein  structure  are  casually 
related  eitherTto  a  change  in  cell  "^rnieability"  to  eodiUrn  or  potasslun 
«•  to  a  change  in  the  affinity  of,  cjrtoplaem  for  these  ions.  '  ' 

Adsorption  of  Iona 

According  to-the  vldely  held  .membrane  theory  of  cell  permeability, 
ihe  nonequivalent  distribution  of  W  arii  Naf  ions  between  cells  and  in 
the  Intercellular  fluid  as  well  as  the  shift  of  these  ions  during  excita¬ 
tion  can  be  explained  by  the  unusual  (jualitles  of  cellular  ifembrahe  per- 
^ueabllity  .and  by  the  presence  of  an  ionjpump,  which  in  the  resting'  state 
ejects  fia/  and  absorbs  W .  Although  we  have  no  direct  proof  that  these 
mechanisms  actually  function,  the  abxmdant  observations  and  hypotheses 
of  Hodgkin,  Huxley,  Keynes,  and  their  co-workers  (Hodgkin,  1957)  tmde  it 
possible  to  construct  a  coherent  theory  that  aroused  great  Interest  among 
neurophysiologists,  particularly  in  Great  Britain  and  the  United  States, 

The  perhibabllity  theory  was  greeted  with/somewhat  less  enthusiasm  by  general 
pliysiologlsts,  who  are  Inclined  to  regard  excitation  as  a  phenomenon  not 
peculiar  to  nerve  formations  alone  'arid  'who  are  accustomed  to  deal  Vith 
more  complex  systems  than  the  isolated  nerve  electrically  irritated. 

We  ihave  made  attempts  to  check  this  theory  critically  (Ungar,  1957) • 
In  this  paper  we  want  to  set  forth  certain  observations  according  to  } 
which  the  distribution  of  ions  is  determined  not  by  meiribrane  permeability 
or  by  the  activity  of  pumps,  but  by  the  selective  affinity  of  the  c^ll, 
especially  its  proteins,  either  for  Kr  in  arresting  state  or  for  Na^  in 
.'n  active  state.  Ihis  view  was  advanced  by  Llng.(1952)j  which  he  called 
Che  "fixed  chargee”  hypothesis  and  subsequently  Worked  but  in  greater  de¬ 
tail  (Ling,  195T,  1958) .  A  :  ,  : 

.  .  if  this  view  is  correct,  it  may  be  possible  to  prove  .  that  resting 

cell  proteins  bind  more  potassium  than  sodium,  whereas  the  affinity  iS 
laversed/in  the  active  state .  The  possibility  of  preferential  binding  of 
1/  or  N&'.  was  shown  for  ion  exchange  resins,  but  not  for  proteins.  The 
binding  cf  monovalent  cations  with  proteins  was  difficult  to  investi^te, 
end  it  is  doubtful  that  they  can  be  bound  as  f IrEly  as  bivalent  or  trlvalent 

ions,  ,  ;  '  ;■  ;  -■  •• 

dur  f  irst  exper^ntal  approach  to  the  problem  waS  tP  measure  the 
diffusion  of  Bf-  and  Ife'  from  rat  brain  ..extracts  in  distilled  water  through 
a  cellophane  membrane.  Extracts  were  prepared  frOni  the  brain  frozen  either 
in  a  resting  state  or  after  20  minutes  of  electric  irrltatlen.  Specimens  i 
were  taken  from  the.*external  solution  eyery  15  minutes  and  the  potassium 


and  sodium  content  determined  ty  flame  photometry.  Checking  about  3  hears 
after  ah  equilibrium  vas  achieved,  we  fOuhd  no  difference  between  extracts 
from  a  brain  in  the ,  active  state .  Soi/eyer,  observations  have  shown  that. 
there  is  a  marked  difference  betweeh  the  tw6  types  of  extracts  in  the 
initial  stages  of  diffusion.  : 

Laying  off ..  on  the  axis  of  ordinates  the  logarithms  of  the  ratio  of 
diffusing  ions  pOr  ; unit  of  time' (r)  iand'  on  the  axis  of  abscissas  the 
logarithms  Of  time  (tj,  we  obtain  the  straight-line  relationship 

..-IST  =  a'- -'-d  Ig  t,  ■  '■  ■■  (1) 

where  a  is  the  , intersection  of  the  ordinates  at  0  (Ig  1  min.);  d  is 
the  slope  of  the  -straight  line,  'i.e.'/  indicator’  of  the  'change  ih  rate  of 
diffusion,  /-ftef  measurements  in  the  EDI  and  HaCl  solutions  this  value 
proves  to  be  proportional  to  the  dlffusloh  CDe:^icien^.  ■  ’ 

Figure  1  Shows  this  relationship  tot  ha/  ahd  1?'  in  experiments  with 
ex-tracts  frbffl  a  brain  in  a  resting  sta-te  and  from  a  .brain  in  an  excited  :  ; 
state.  It  is  evident  that  the  diffusion  rate  of  fia/  is  much. higher  in . the 
brain  in  the  resting  s-tate  .  For  K'  the'  fa-te  is  highen  when  the  brain  io 
in  an  active  state,  but  the  difference  is  not  as  great.  ,,  't 

The  difference  between  the  active  and  resting  states  is  more  v  ■ 
proncunoed  if  the  measurements  are  made  at  an  aai’ly  stage.  In  some  exper¬ 
iments  -We  tried  to  measure  the  diffusion  rate  dip? ing  the  first  5  minutes. 

The  experiments  here  were  set  up  somewhat  differently:  -  the  external .  J 
solution  washed  the  cellophane  membrane  at  a  Constant  rate  (about  1  ml/min.y . 
Table  3  presents  the  results  of  these ’experiments  which  Clearly  agree  with 
the  data  given  in"  Figure  '1'  ■  '' ''  '  ■  ' 

.■■^le’3  7'^' 

Liffusion  Bate  of  K*  and  Na'  During  the  First  5  Minutes  '  *  .u 
'  ■  'T  in  Extracts  of  Bat  Brain  in  a  fieSting  S-fcate  ahd  /fter 
lii'itatiOn  (in  of  lain.;  mean  of  six  experiments 
, standard' deviatiohs’)’  -  ,  v-, -  o.-^ 

States  ..Ka/ 

Best  1.58  i  0.06  1.28  I  O.Oh 

Irritation^  •  l.l8  i  C.08  1.13^  O.05 

Altho\jgh  it  was  not  quite  clear  to|  us  how'  to  interpret  the  resulbs 
of  these  experiments,  it  seemed  logical  that  the’  diffusion  process  had  to 
slow  down  if  part  of  the  ca-tions  of  the  extract  -was  combined  with  slowly 
diffusing  or  wholly  hCiid  if  fusing  ahlons.  Since  Cl“  is  known  to  delay;' 
the  diffusion  of  Hr  ,  it  is  quite  possible  ttet  fixed  anion  groups  of  pro - 
-teins  hold  baCk  the  cations  until  they  are  unlinked.  When' sul-tably  im¬ 
proved,  the  me-fchod  described  above  will  enable  uB  to  measure  the  cohesion 
between  cations  and  proteins.  ;  - •* 
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Aftotlier  approach  to  the  problem  of  K'  and  Ka  combining  with  ^ 
cell  proteins  Involved  an  attempt  to  measure  ion  activity  in  the  extracoE. 
We  conducted  a  few  experiments  with  the  polystyrene  membranes  descrlDed 
by  Lewis  and  Saroff  (1957) .  These  membranes  can  be  selectively  permeable 
to  Na?  or  V  .  The  results  were  highly  promising,  even  though  the 


selectivity  was  not  wholly  satisfactory. 

Better  results  came  from  experiments  with  glass  electrodes 
described  by  Eizeniaan,  Eudin,  and  Casby  (1957)  >  which  Dr.  Eizenman  was 


kind  enough  to  furnish  us.  /  , 

The  electrode  used  to  determine  Na*  (WaS-llrl8)  is  UOO  times  more 
sensitive  to  Ha'  than  to  K^.  Its  sensitivity  to  hydrogen  is  very  slight^ 
in  the  physiological  pH  area  in  which  we  are  working.  The  electrode  useo, 
to  determine  W  (HaS-45-VCa  3) /acts  less  selectively.  Even  bo,  it. is 
eight  times  less  sensitive  to  than  to  Ha'.  Its  sensitivity  to  H  w  - 
quite  satisfactory.  Hone  of  the  electrodes  reacts  adequately  to  the  HBli’ 


The  electrodes  were  filled  with  a  0.1  M  solution  containing  sodi'’-^ 
or  potassium  ions.  Silicon  was  used  for  Insulation,  and  the  electrode 
was  connected  to  a  chlorinated  silver  wire .  Measurements  were  made 
against  a  standard  calomel  electrode  (Beckman  »t970 -29)  by  means  of  an 
electrometer  (Vibron  Electrometer,. model  33B,  made  by  Electronic  Instnumenrs , 
Ltd.,  Bichmond,  Surrey,  England) ,  which  we  were  able  to  use  -with  a  low 
input  voltage  .(from  10  mv)  and  high  reslst^ce  (IQ-^^o)  of  sources  vlth  a 
stability  of  '  100  uv.  The  activity  of  Haf  and  K'  was  measured  by  the 
corresponding'electrcde  in  brain  extracts  prepared  in  isotonic  saccharose . 

The  concentration  of  ions  was  measured  in  the  same  extracts  in  a  flame 
photometer  using  a  standard  solution.  SH-groups  were  determined  by 

amperometric  titration.  ^  ^ 

The  activity  coefficient  was  derived  from  the  ratio  of  activity  oo 
concentration.  Table  U  sums  up  the  results  of  7‘t  experimen1?s  in  measuring 
Ha'  activity.  K'  activity  was  also  determined  in  40  experiE^nts , 


Table  4 

Content  of  SH-Groups,  Sodium,  and  Potassium  in  the 
Bat  Brain  in  a  Besting  State  and  After  Irritation 


Indicator 


In  a  resting  n  After 
state  Irritation 


-SH  (in  ug)  ^  A  ‘^•58  , 

Ha'(f  ■  n  0.66  t  0.04 

(Total  (in  ug)  /- 

■  (Bound  (in  ug)  6.0.t.  1.65 

k/  (f  V  P-P*? 

(Total  (in  ug)  71.1  G  6.9 

(Bound  (in  ug)  18.6  £  5.6 

*  The  mean  values  t  standard  devia 


34 

7.12  < 
0.74  4 

1.47 

40 

34 

o.o6 

40 

34 

48.0  t 

5-7 

40 

34 

i3.P  \ 

3.6 

4o 

20 

0.89  4 

O.o4 

20 

34 

70  ;o  i 
8.0  4 

8.5 

40 

20 

3.3 

20 

tions  are  cited.. 


P 

0.01 

<0.001 

<0.001 

<0.001 

CO.OCl 


It  is  quite  evident  that  extracts  from  a  train  in  a  resting  state 
■possess  hi^  sodium  activity  and  lofr  potassium  activity.  In  train  ex¬ 
tracts  ottained  ^ter  electric  irritation  of  the  central  ending  of  the 
sciatic  nervt  foi-  20  bdhutes  •with  60  cps,  the  correlation 

between  i6n  activities  is  reversed.  '  The  activity  coefficient  (f )  of . 

sodium  in  a  resting  state  and  of  potassium  after  excitation  tends  toward 
a  value  dose  to  that  for  pure  NaOl  and  EDI  in  th®  concentra¬ 

tion  (f  s  0.91).  These  differences  'become  very  signlfican-b yin  coimeotion 
with  the'  determinatlph  of  t.  The  total  Qohcen'tra-t; ion  of  IJa'  arid  I'emains 
unchanged:  :  _  1'  ^  ^ 

lahle  h  also  gives  the  mean  values  of  the  SH-group  in  the  hrain  in 
resting  and  exci'ted  states.  If  they  are  plotted  against  the  activity 
GDeff icients,  a  certeiri  relationship  will  emerge.  Figure  2  shows  the 
correlktion  for  Ka/,  from  which  it  is  clear  that  ion  activity  is  reduced 
following  ah  increase  in  the  nhmber  of  SH-groups  ■uncovered,.  The  relatio  i- 
ship  for  the  mean  values  Is  expressed  by  an  S-ahaped  curve.  Figwe  3"  ' 

shows  a  similar  relationship  for  K*,  the  increased  activity  of :K  ions 
being  related  to  the  added  number  of  SH-grohps.  Figure  1  gives  the  mean 
values  for  both  Ions ;  It  is:  evident  that  the  two  curves  are  virtually 
mirror  reflections  of  each  other.  This  result  is  in  keeping  with  our 
thinking  on  exChihige  adsorption.  :  '  ■  ' 

With  these  data  in  mind,  we  returned  to  the  results  of  the  experi¬ 
ments  on  diffusion  described  above  and  discovered  some  striking  facts. 

It  follows  from  Table  5  that  dividing  the  value  d  determined  from  the  slops 
of  the  straight  ilines  in  Figure  1  by  the  ac-tlyl-t^  coeff  icient  f  .of  each 
goup  of  experiments  (the  standard  solution  KaCl  or  KDl,  extract  from  a 
brain  found  in  a  resting  S'fca'te,  extract  from  an  excited  brain)  yields  a 
radio  jaroportlonal  to  the  diffusion  coefflciShts  of  (D)  Na'  or  K' , 
respectively.  This  is  clearly  seen  in  the  equation; 


where  the  constant  k  -  2.95,  as  computed  from  the  experimen'tal  da-fca. 


Table  5 


Ccarelation  Between  the  Kesulte  of  Measuring  DifTusloii 

anA  Activity _ _ 


'  Ha^; ' 

^  ’  '  -b::  :■ 

Indicator 

•i 

Standard 

In  a 

After 

standard 

In  a 

After 

Solution 

resting 

irri- 

Solutlohl 

resting 

Irrlta- 

state 

tation 

state 

tion 

d 

0.422 

0.413 

0.352 

0.519 

0.440 

0.483 

3xperi- 

f 

0.91 

0,88 

0.74 

0.91 

0.74 

0.89  . 

mental 

d/f 

0.464 

0.470 

t  0.476 

0.571  i 

0.593 

0.543 

data  ; 

D* 

1.390 

1.676 

■  .  r 

d** 

0,428 

0.4l6 

0.349 

0.517 

0.420 

0.504 

Computed 

f  i 

0.90 

0.88 

0.75 

0,92 

0.77 

0.85 

data 

d/f 

0.476 

0.473 

0.465 

0.560 

0.545 

0.530 

D 

1.37 

1.39 , 

1.40 

i 

1.68 

1.75  i 

1.60 

’  ^Diffusion  coefficients  for  NaCl  and  B31  from  the  International  ' 
Critical  Tables  (McGraw  Hill, ’1929,  Hew  York,  5:63). 

From  the  equation  B  -  k  S  ,  1*1  which  k  "  2.95,  ®s  computed  from 
the  experimental  data. 

Using  this  expression,  we  computed  d  from  the  experimental  values 
of  f  and  f  from  the  experimental  values  of  d;  The  new  ratio  thus  obtained 
i/f  was  substituted  in  equation  (2)  to  compute  the  value  D,  The  results 
aa’e  obviously  close  to  the  theoretical  values  for  NaCL  or  KDl  in  the 
International  Critical  Tables.  The  results  of  the  experiments  on  diffusion 
x^ith  potassium  are,  generally  speaking,  not  completely  reliable;  ttelr 
Inaccuracy  may  well  be  due  to  the  fact  that  the  concordance  for  Wa'  is 
better  than  for  If  . 

The  most  probable  explanation  of  these  results  is  that  some  of  the 
cellular  E' and  Ha'  are  in  a  bound  condition  and  these  fractions  change 
with  the  state — resting  or  excited —  of  the  cell.  The  bound  fraction  can 
be  computed  from  the  total  concentration  and  activity  coefficient  given  in 
Table  1*. 

The  proportion  of  bound  ions  to  the  total  number  of  ions  is  more 
difficult  to  determine  in  cases  where  the  extracts  .include  so^  extracellular 
sodium  and  potassium.  Eat  serian  contains  145  u/lfe'  and  5  u/E'  per  milli¬ 
meter.  Since  approximately  25^  of  the  ions  in  the  extracts  are  of  extra¬ 
cellular  origin,  it  is  possible  to  calculate  that  it  comes  to  about  15-i;^  of 
Kar  and  about  90uM  of  E'  for  each  gram  of  fresh  tissue.  Subsequent 


calculations  show  that  in  the  resting  state  almost  4o^  of  the  Ma^  is  in 
hound  form,  whereas  in  the  excited  state  almost  all  the  sodium  may  he 
hound.  However,  when  the  cell  is  at  rest  only  about  20^  of  the  sodium 
is  hound,  hut  the  amount  of  hound  potassium  may  decrease  to  10^  or  less 
after  irritation. 

The  problem  of  monovalent  cations  hound  with  cell  proteins  las  been 
the  object  of  extensive  research.  A.  S.  Troshin  (1956),  ferris  (1957)> 
and  Shanhs  (1958)  surveyed  .the  pertinent  literature.  There  is  no  doubt 
that  part  of  the  YJ  and  Wa/  is  in  a  hound  state  and,  very  likely,  even 
in  several  kinds  of  hound  state .  Our  research  has  revealed  a  hound  fraction 
that  is  electrically  inactive.  It  is  obvious  that  there  are  hound  states 
wherein  the  ions  retain  their  osmotic  and  electrochemical  activity. 

■  r  Calling  the  type  of  binding  observed  in  our  experiment  adsorptloL 
explains  neither  the  nature  of  the  bond  nor  the  place  of  the  binding. 
However,  the  problem  becomes  somewhat  clearer  if  we  recognize  that  . 
excitation  causes  exchange  adsorption,  that  is,  the  desorption  of  W  and 
its  replacement  with  Na'«  Probably  the  two  cations  ere  competing  for 
the  sa^  place  of  adsorption.  It  is  also  possible  that  both  are  competing 
with  W ,  if  we  admit  the  validity  of  Saroff *e  hypothesis  (1957)  that  po-. 
tasslum  is  retained  by  two  adjacent  protein  chains  due  to  the  action  of 
the  coordination  links;  COO-. . .K. . ./gHN. 

The  part  played  by  thiol  groups  in  binding  ions  cannot  be  accurately 
determined.  Koshtoyants  (1951)  195^)  stressed  the  unusual  role  of  the 
SH-groups  in  nervous  and  muscular  activity.  The  recent  findings  of 
Smith  (1958) ,  Reynolds,  Chenoweth,  and  Ellman  (1958) ,  and  Takahashi, 

Mural,  and  Sasaki  (1958)  also  support  the  view  that  SH-groups  have  a 
special  function.  However,  we  tried  to  use  our  research  as  a  basis  for 
regarding  these  ©roups  as  convenient  indicators  of  structural  changes  in 
protein  molecules.  These  changes  involve  the  uncovering  of  other  side 
groups  that  may  perform  a  more  important  function  in  ion  adsorption.  We 
have  direct  proof  that  the  tyrosine  OH-groups  are  ionized,  and  it  is  quite 
likely  that:  a  large  number  of  carboxyl,  amino,  and  imino  groups  are  also 
liberated.  / 

:  Working  with  tissue  extracts  had  the  one  great  advantage  of  enabling 
us  to  show  that  the  ion  shift  during  excitation  is  not  determined  by  some 
special  property, of  the  cellular  menibrane,  but  is  caused  by  changes  in 
certain  cytoplasmic  structures.  However,  this  method  too  is  limited.  It 
would  be  overly  optimistic  to  expect  proteins  and  ions  to  behave  in 
extracts  the  way  they  do  in  livixig  cells .  This  is  particularly  true  as 
far  as  the  content  and  state  of  water  in  living  matter  is  concerned.  The 
iroblem  of  "bound"  water  In  the  cell  raised  by  Meigs  (I912)  has  still  not 
been  solved,  but  some  new  and  interesting  approaches  have  been  dsvlsed 
(Bozler,  Calvin,  and  Watson,  1958:  Bozler  and  Lavlne,  1958) .  Szeht-Gyorgyi 
(1957)  mentioned  the  possibilityof  water  structure  losing  its  amorphoijs  , 
quality  on  the  surface  of  protein  melecules  and  forming  a  regular  lattice 
characteristic  of  the  structure  of  ice.  According  to  the  "fluid  ice"  or 
"iceberg"  hypothesis,  which  has  been  confirmed  by  the  recent  studies  of 
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KLotz  fl958) ,  a  much  ereater  amount  of  water  is  'bound  with  proteins  than  was 
indicated  in  edrlier  calculations.  It  Is  also  possible  that^the  atmosphere 
of  fluid  Ice  surrounding  the  protein  molecule  is  an  Important  factor  in 
^reserving  the  true  native  structure  and  that  it  plays  an  Important  prt  ^ 
in  mashing  the  side  groups.  We  have  to  recognize  that  the  structural  changes 
induced  by  the  excitation  process  may  disrupt  the  normal  structure  of  watei'’ 
and  ''melt"  the  fluid  ice . :  It  is  Interesting  to  note  that  the  hydrated  K 
ion  fits  exactly  into  the  ice  lattice,  whereas  the  Wa  ion  is  tpo  large 

ABuswell  and  Bodenbush,  1956)  .'  ^  '4. 

We  have  mentioned  Some  of  the  principal  methods  that  will  have 
be  used  in  solving  the  problem  of  excitation  at  the. molecular  level.  There 
is  need  of  further  research  on  protein  structure  and  its  relation  to 
the  binding  of  ions  and  to  water  not  as  a  simple  solvent,  tut  as  a  possinj.ve 
structural  element. 


Elements  of  the  Eypothesis  ^  *  + 

Although  nany  q.ueetions  remain  unanswered,  I  should  liKe  to  set 
forth  some  considerations  on  the  nature  of  excitation  in  tte  light  of  ths 
observations  described  above. 

The  fact  that  the  phenomena  of  excitation  can  be  studied  outside 
the  cellular  structure  would  seem  tp  rule  out  the  membrane  as  a  sure 
barrier  tO  the  migration  of  tons.  It  is  still  debatable  whether  excitation 
can  be  detected  outside  a  structure.  Illumination  of  visual  purple  solu¬ 
tions  causes  chemical  changes  closely  related  to-  excitation  (Wald,  195o) 

AriS  even  associated  with  increased  conductivity  (Hara,  195°)  •  Hpwever, 
other  types  cf  excitation  require  an  iritact  cellular  structure  and  uninjured 
metabolic  processes.  It  is  also  possible  -that  excitation  caused  by 
elec-tzrlcal  Irritation  is  a  phenomenon  occurring  chiefly  oh  the  surface  of 
*1/^6  06  U 

To  be  effective,  an  ilTitaht  requires  the  existence  of  some  cellular 

structure  capable  of  absorbing  its  energy.  If  it  is  radiant  energy.  It 
must  be  absorbed  by  a  ''chromophoric  group*-retlnene--for  visible  light, 
by  aromatic  wTninn  acids  for  ultraviolet  rays,  etc.  ttemical  irritants 
are  United  with  receptor  groups  in  the  cytoplasm.  No  energy -absorbing 
structures  have  been  found  in  cbnnectioh  With  the  action  of-  mechanical, 
thermal,  or  electrical  stimuli,  but  it  is  logical  to  assume  that  the  sur¬ 
face  elements  separating  the  cell  from  the  medium  play  an  Important  part 

in  the  process .  ^  , 

The  energy  absorbed  by  specific  cellular  structures  is  obviously 

transmitted  to  the  bound  pro-teihs  Just  as  the  energy  absorbed  by  retinene 
is  transmitted  to  the  opsinic  part  of  the  visual  purple  molecule.  It  is 
still  unclear  Whether  some  other  process  precedes  molecular  reconstruction 
of  the  proteins,  e.g.,  transfer  of  electrons  (Schmitt,  1947) >  protons 

(Wlrtz,  1947),  Initial  reduction  of  pH  (Segal,  1958),  or  an  enzymatic 

5?ocees,  as  we  are  now  inclined  to  believe,.  , 
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it  is'  genet*ally  held  that  the  reconstruction  (?f  side  groups  of 
protein  caused  hy  changes  to  its  molecular  structure  shii'ts  tte  affinity 
of  cytoplasm  from  Kf  to  Na/y  it  is  unlikely  that  in  nerves  and  muscles  „ 
these  chtoges  take  place  in  all  the  protein  molecules  at  the  seme  time  .  . 

The  data  show  that  ^cli  iiapulse  irritated  only  the  surface  layers  the  , 
proteins  so  that  Na.^  is  adSorhed  from  the  extracellular  fluid  with  the 
liberation  of  k/f  .  From  a  ictasisittm  electrode  to  the  resting  state  the 
cell  beccmes  a  sodidm  electrode  durli^  excitation  (Figure  5) • 

During  the  resting  state  the 'cxirrent  is  transferred  almost  entirely 
to  the  ions  arid  the  resting  potential  is  determined  by  their  asymmetri¬ 
cal  jdiatrlbution.  In  the  active  strite  the  Curre'nt  is  transmitted  within 
the  Wa/  lone  arriL  the  resoLtant  action  potential  is  only  a  reflection  of  t/io 
nonequiyaient  distributibri  of  these  ions The  Idw^  branch  of  the  actio?, 
potential  coEea  frbm  the  outWard  riovemerit  of  the  K'  ions  which  are  ready  to 
replace  ; the  Wa*  ions  on' the  sui^ace  of  the  cell  as  soon  as  the  resting  stioos 
is  restored.  ■  .y''-  '■  '  ■  ■  ■  t  ^  t '"-.y 

.Following  repeated  impulses  the  steadily  increasing  amovint  of  sodium 
bound  with  proteins  comes  inside;  This  accumulation  of  altered  proteins 
and  bound  sodium  enables  us  to  observe  Changes  that  would  be  undetectable 
if  complete  restoration  did  not  follow  each  impulse. 

Complete  restoration  obviously  occurs  Orily  onythe  surface,  ^ich 
changes  its  affinity  with  each  impulse  from  B7  to  Na'  arid  back  to  KT .  Tho 
depth  of  the  surface  affected  by  this  p:‘oces8,  according  to  Aschhelm’s 
calculations  (1959) >  is  equal  to  the  radius  of  the  ions  in  the  crystal. 

This  suggests  that  a  monoionic  adsorption  layer  is  present  and  that  changes 

to  the  potential  are  caused  by  short-range  forces  of  the  order  of  the . 

I -potential. I  ‘  ;  '  '  "  i 

^  if  The  main  difference  between  this  hypothesis  and  the  membrane  theory 
lies: in  the  major  role  assigned  to  the  selective  adsorption  of  ions.  It 
also  contradicts  the  prlECipal  eleinent.  of  the  permeability:  theory  accord¬ 
ing  to  which  all  the  intracellular  K:  arid  Ka^'  ions'  are  free If  these 
ions  were  not  cbmpie'teiy  f reei  •  neither  Nerrist '  s  equation  nor ,  the  Goldman 
field  equation ’modified  by  Hodgfcto  arid  ^  Katz  (19^9)  could  be  used  without 
taking  ion  activlty'iritb  account.  The  result  will  vary  not  only  with  the 
concentration  of  free  ions,  biit  also  with  the  concentration  of  free  water, 
which  cannot  1)6  precisely  computed  at  the  present  time  by  aiay  method. 

,  The  l^pbthesis  of  metabolically*  controlled  ion  pumps  whose  function 
is  to  maintain  the  assyiaetrlcal  ^istritutlon  of  sodium  and  potassivim 
between  trie  cells  and  to  the  intracellular  medium  is  a  corollary  of 
the  meBi)rane  the  bry ‘  This  hypothesis  is  apparently  unnecessary  for  trie 
adsorption  theory,  although  the  metabolic  factors  meiaain  highly  importhiit 
fin  preserving  protein  structure  at  rest  and>  consequently,  ionic  asymmetry. 
Forces  are  constantly  at  work  to  thb  living  cell  striving' to  destroy  this 
structure  arid  disrupt  the  equilibrium  resting  state,  which  can  be  mato- 
tained  only  by  the  continuous  expenditure  of  metabolic  energy.:  ;  t, : 
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Tiib  ''puTip''.  viicHis  the  "car^^ 

^T,  “  SSlaf 

exitrdpy,  whereas  mrticularly  i^rted  af te^'  pathologi^^^ 

state .  These  ,  antigen-antiho^  readtiLcas 

cheaical  poisons, ^and  gten^^P^  principal  action  mechanism  is  Identical 

Bihlfi  injury  to  the  cell,  „  ener^  is  ahsorted  vith 

to  tlsat  in  physiological  excitation.  ^  Is  molecule: 

the  lelp  tf  the  co^espondi^  :”chr^ghoji^  goup^am  ^n  , 

reconstruction  of  proteins  that  ^  1054  1955*  UngaT/and  ffiiya&i:!, 

proteolysis  (Ungar,  1956;  Ungar  and  tut  aWo 

558)  4  an  icn  ahlft.  and  varlovn 

importatt  organic  substances  11^  ^^Hietamine^ls^bvlbusly  associated  vith 

products  of  protein  released  vhen  the  proteins  aseur^o 

cellular  proteins  like  potassium  and  is  releasea  vxien  p  ^  , 

a  freer  cjiifiguration./^.  '  ^  vvnntkeals  d®v  turn  but  to  be 

•  We  are  avare  that  many  parts  of  our  ^ y  -njg  eubjected  to  direct 
Idla  nafle.tlona,  nut  v»  note  ttet  acne  of,  them  vlU  na  aanjac 

experiiQBnt^  vorificjfa’bioii.  -y  ” 

Conclusion  fvift  coiifi^?urfition  of  protein  mole** 

- significance  bra^^^^^ 

cules  has  novbeen  substantiated  by  re  +v,_a.  p^-i^tion  causes  Chaaige a 

Our  vork  has  oarfoborated  Hasonov  It  is  auite  i*robabla 

to  cellular  preteins  that  resemble  ^  3f ihitf  of  the  - 

that  structural  changes  in  receS  investigations  shew  that 

Bide  chains  for  potassium  a^i®6rb  K?,  but  Ka^  when  ia 

in  ®  is  qualitatively  connected -yi..  a 

an  active  state,  adsorption  as  indicators  of  nho 

the  number  of  free  SH-groups,  which  can  be  regardett  as  lun  , 

adsorption  properties,  of  the  protein  __  excitation  in  tho 

. :  An  attempt  va.  made  ^^lain^^e 
llcht  of  these  observations.  -  The  enerar  of^the  _  WuSinc  the 

tain  cellular  struotuies  is  transferred /to  the  P^vgn  ’This  results  in 

blgh^  organWel  natlv.  thne^tinfs  the  dlnctrical 

repls-cemcn’t  of  'tte  adsorted  K  -trial  in  nerves  and 

phLomena  of  excitation. 

muscles  since  each  ®^+v°flio°Sfersbradically  from  the  widely  held 

and  ions .  Although  this  hypoth^  ^r^fi-n+ir  in  nature  i  which  can  "be 

SSTonSf  vnuffdan. 

by  dirset  exp3rlasntation . 
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A  stu^  of  the  effect  of  local  anestlietics  on  different;  tissues 

in  vitro  (Vbl'fenzon,  1954)  stoved  that  novocain  ifi  concentrations  used,  , 
for  anesthesia  vas  capable  of  inducing  reversible  changes  not  only  in  ^ 
nerve  cells,  but  also  in  cells  of  other  kinds  of  tissues  (suppression  p.^  ; 

granviatlon  in  rat  kidney  and  pancreas  cells rabbit 

halting  of  ciliaiy  moveitient  of  rat  trachea  cellsi  muscle  .belly  contractu.. o 

of  the  grass' frog  abdomen) .  i:.:' ^  '  ' 

The  action  of  novocain  on  fibroblasts  and  histiocytes  of  rabbl^ 
areolar  tissue  resulted  in  the  suppression  of  granulation' hnd  contraction 
of  cell  bodies  and  their  nuclei.  These  changes  tunnied  out  to  ^  reversi¬ 
ble  since  the  cells"  became  normal  after  the  novocain -was  washed  out  in  _ 

Finger’s  solution.’  The  reyerslble  contraction  of  connective  tissue  cells 
to  novocain  whs  later  studied  cuantl-tatlvely "In  some,  details;  > 

(Aleksandrov  and  Vol’fenzbri,  1956).  It  appears  that  the  degree  of  cell,., 
contraction  varies  With  the  Concehtratlon  of  the  j  Irritant Moreover ,  r  ■ 
subsequent  calcvaations  shewed  that  the  nuclei  asOweil  ;as  the -cytoplasm 
are  compressed,  the  degree  depending  on  the  novocain  ■Concentration, 
Fibroblast  and  histiocyte  contraction  closely  resembles  muscular  contracT,- 
ure  and  is  evidently  an  expression  Of  local 'persistentfexcitatiGn. 

The  effect  Of  noVocain 'bn  the  cells  of  hon'-inexrve  tissues  was  ^  ^ 

extensively  studied  by  P.  P.  EumyantSev  (1959).  He ' showed  ttot  the_ action 

of  novocain  in  various  concentrations  (0.0125  to  2^)  on’ frog  corneal.; 
epithelium  and  skin,  mouse  liverV  and  some  other  tissues  in .the  cytoplasm 
near  the  Golgi  apparatus  is  followed  by  the  f ornfflt ion  of  ; visible >  A 

intravltally  colorless  inbiuSlons  of  novOcSin  resembling -the  granules  o.. 
vltal  stalns.  The  author  con Jectvires  that  the  formation  of  these  Icclu- 
s  ions“  is  a  defense*  reaction,  which  is  important  ‘in- that,  it  removes  the 
inixjrlous  agents  frorx 'the  cell'.  ’ 

Thus,  bur  data  and  Eumyantsev’S  investigations;  show  that  novocain 

is  not  a  purely  neiirotropic  agent,  as  hitherto  believed  by  most  authors 
(Nikolayev,  1943;  Vistoevskiy  and  Vishnevskiy,  1948) and  that  like  . 
other  substances  it  is  capable  of  inducing  :ma3or  changes  in  tissues  .; j 

Since  noybcain  is  widely  employed  in  visceral  surgery.,  we  thought 

it  would  be  interestiiig  to  sthdy  the  effect  of  this  anesthetic  on  tissues 
of  the  serous  membranes,  particularly  in  view  of  references  in  the  liter-, 
athre  to  the  high  sensitivity  ’of  these  tissues ; to  a  great  variety  of 
irritants. 
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\Je  selebted  as  the  '  db3e<5t  of  resear cli  the  mesothelial  cells  of 
rat  mesentery  and  the  mast  cells  found;  In  large  numbers  in  the  connective 

layer  of  the  rat  mesentery.  =  ^  4> 

Due  to  reversihle  contraction  of  the  protoplasm  and  nuclei  or 
connective  tissue  cells  folloving  the  action  of  novocain,  ve  decided 
to  study  its  effect  on  mesenteric  tissue  with  respect  to  changes  in  the 
size  of  mesothelial  and  mast  cell  nuclei.  Ve  confined  ourselves  solely 
to  measuring  the  nuclei  because  the  boundaries  of  mesothelial  cells  s^s 
not  always  clearly  demarcated  when  the  preparations  are  processed  by  the 
usual  histological  methods.  v) 


jfeterial  and  Methods  '  :  _  ft-ro  - 

“  The  g^ypa-r  jTtiftnts  were  performed  in  vitro  at  room  temperature  ^17 

21°).  The  prepared  mesentery  was  cut  into  individual  segments,  some  of 
which  (the  control)  were  placed  for  an  hour  in  Earl's  solution,  which^is 
now  extensively  used  for  .cultivating  tissues  outside  the  or^ism,  while 
the  rest  were  kept  first  for  30  minutes  in  Earl's  solution,  then  for  30 
minutes  more  in  novocain  solutions  of  varying  concentration  prepared  in 
Earl's  fluid  (from  one  to  three  concentrations  were  tested  :ln  each  experi-^ 
ment).  The  control  and  experimental  segments  were  then  fixed  Ih^osmic  aclo. 
fumes  and  stained  with  Yasvoyn's  hematoxylin.  To  determine  whether  the 
changes  in  the  cell  and  nuclei  caused  ty  the  novocain  wre  reversible,  we  , 
returned  one  of  the  segments  that  had  been  Irept  in  novocain  for  30  minutef;- 
to  pure  Earl's  solution  for  1^  to  2  hours  and  then  fixed  it.  , 

We  evaluated  the  changes  in  the  tissue  caused  hy  the  Irritant  from 
contraction  of  the  nuclear  area*  We  used  a  drawing  device  to  project  the 
nuclei  onto  paper  of  standard  thickness.  ,  Relative  changes  in  area  were 
determined  by  weighing  an  identical  amount  of  experimental  and  control 
copied  and  excised  nuclei.  .'J3ius,'we  have  given  all  the  sizes  ln  conven-*- 
tional  units  (milligrams  of  paper  weight) . 

The  degree  of  contraction  was  determined  from  the  difference 
pressed  as  a  percentage,  of  the  control  set  at  100^)  between  the  arithmetic 
means  of  100  measured  nuclei  in  the  control  portions  of  the  mesentery  and 
100  measufed  nuclei  in  the  portions  of  the  nuclei  subjected  to  tite  _ 
action  of  novocain.'  The  degree  of  reversibility,  consequently,  was  the 
difference  between  the  arithmetic  means  of  100  nuclei  from  the  control 
portions  of  the  mesentery  and  100  nuclei  from  the  portions  of  the  mesentery 
transferred  from  the  novocain  solution  to  Ringer's  solixtioh.  Each  exper_- 
ment  was  statistically  processed  and  the  mean  errors  of  the  control  nuclei 
and  those  groups  of  nuclei  subjected  to  the  action  of  novocain  were 
determined.  The  mean  contraction  of  the  nuclei  (as  a  percentage  of  the 
control)  from  all  the  experiments  and  the  standard  deviation  were  then 

computed  for  each  concentration.  o 

A  total  of  50  series  of  experiments  were  performed  and  oOOO  nuclei 
maasured. 
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Mesothellal  Nuclei  ... 

Mesotheilal  cell  nuclei  vere  measiyed  after  segments  or, mesentery 
vere  kept  for  3,0  minutes  In  O.05,  0.i>  0^,  and  1^  novocain  solutions 
In  Earl’s  fluid.  H'atle  1'  shews  that  eVen  after  the;  action  of  0 .0% 
novocain  there  was  a  rather  significant- contraction  ha  some  experiments. 
However >  in  other  experiments  this  concentration  scarcely  had  any  effect. 
Thus,  the  mean  size  of  the  nucleus  for  all  the  experiments  was  reduced 
10^  all  told.  ‘ 

Changes  of  the  same  order  were  caused  hy  0.1^  novocain.  ,  In  only, 
three  out  of  six  experiments  did  this  concentration  result  in  nuclear 
contraction, • the  compression  for  all  the  experiments  averaging  -  ■ 

-  In  all  the  experiments  0.25>-  0-5>  1^  novocain  solutions 

caused  statisticaliy  reliable  nuclear  contractions.  The  mean  percent  c.- 
concentration  was  22,  24,  and  40  after  0.25>  and  p.5>  and  1^  solutions, 
respectively ’ (Table  2  cites  the  effect  of  the  0.%  solution  on  the 
mesothellal  nuclei) .  ^  ; .  .t  : 

Table -1  ;  ,  • 


Changes  in  the  Size  of  Mesothelial  Cell  HiiClel  After  the 
Action  of  a  0.05^  Solution  of  Novocain  ,  ,  :  ^ 


Aritlmetic  mean  of  nuclear 
size  (frOm  100  nuclei) 
in  standard  vaiits  . 


Control 


Experiment 


■dif^  %if 


iContraction  of 
nuclei 

(as  i»  :ot  the^  , 
control)  , ' :  ’ 


--  ■-;-.’37.5  ^ 

2.6  /  0.54  ,  . 

■  ^  ::-'.-39.3-.  . 

.1.1  i.bv62  ,  : 

13.4.  C  1.0 

35. 9-.  -vr:. 

12.6/0.87 

;  40.2 

0.5  70,65 

40.4 

0.6  70.80 

32,4 

4.0  1  0.94 

^  :b.7  ’i 
25.P.i 
26.0^^ 
0.12; 
0,15 


1.3 

1.5 

i.^v; 

1.8 

0.15 

0.20 


Tatle  2 


Changes  In  the  Size  of  Mesothelial  Cell  Nuclei  P^fter  the 
Action  of  a  0,5^  Solution  of  Novocain 


ArithiDetic  mean  of  all  six  experimentB 
and  standard  deviation....  . . 


i'igtire  1  shows  distribution  ctn'ves  of  the  sizes  of  the  nuclei  in 
one  of  the  experiments  in  which  portions  of  mesentery  were  placed  to 
0.2$,  0.$,  and  1^  novocain  solutions,  respectively.  It  is  evident  from 
the  figure  that  all  three  concentrations  cause  nuclear  contraction 
(the  distributibh  cuinres  SMft  toward  the  ssaaller  values). 

The  ffiiSQ'n  coiitrfi.ctio33S  of  mesothelial  cell  nuclei  are  hrou^t  to¬ 
gether  in  percentages  of  the  control  for  all  the  experiments  in  composite 
’ftihle  3  (left  side)  to  compare  the  effect  of  the  different  concentratir^^.^ 
of  novocain.  The  table  shows  that  the  degree  of  contraction  increases 
with  the  concentration  (from  7  to  10?i  to  0.$  to  0.1^  solutions  of  novocai 
to  koj)  in  1^  novocain). 

Mast  Cell  Nuclei  -  -  , 

After  measuring  mast  cell  nuclei  In  a  few  experiments,  ve  found 

that  they  contracted  reversibly  after  the  action  of  the  same  concentra¬ 
tions  of  novocain  like  the  mesothelial  nuclei  (l.e.,  from  0.1  to 
Table  3,  right  side).  A  0.1?^  solution  caused  slight  contraction  of  the 
nuclei  (7^&) .  Contraction  increased  to  33^  after  a  0.2$^  solution.  It 
unexpectedly  turned  out  to  be  somewhat  lower  (l4^^)  to  0.$?b  novocain. 
However,  to  1^  novocain  it  increased  again  (*»8^) .  Thus,  the  degree  of 
mast  cell  compression  likewise  grows  with  increases  in  concentration. 
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'  Taljie  3 


Contraction  of  Mast  Cell  Nuclei. as  a  Percentage  of  the  Control  After 
■  the  Action  of  O.05,  ;q,l,  :.O.g5/;Q.5,  and  if  NbVocain  Solutions 


Mesothellal  nuclei 


Mast  cell  nuclei” 


Concentration 
of  novocain  '■ 
(as  $)  ■ 


total  number 
of.  nucle 1 
measured  in 
all  the  ex¬ 
periments 


^Ithmetic 
mean  of  the 
value  (of  nu¬ 
clear  I  contrac¬ 
tion  (as^) 


total  number 
of  nuclei 
measured  in 
all  the  ex¬ 
periments 


arithmetic 
mean  of 
the  valuo 
of  nuclear 
contrac-bion 

(asji' 


0.05  , 

C.l 

0.25 

0.5  4 


.  1400  .  ' 
1600 
1800 
.  1200 
400 


10  /  1.1  r  . 

6.9  7  1.1 
21.8  3  2.5 
24  /  2.4  . 

4o  2 


. ^ 

,  200" 

■  600 
400 
.  200 


7  A3- 
33 7  3.4 
14  /  ,1.7 
48  1  2 .3 


Figure  lb  shews  the  distribution  cm'ves  of  the  sizes  of  mast  cell 
nuclei  after  the  action  of  0.25,  0.5,  sxd.  if  novocain  SblUtions.  The^ 
curves  indicate  that  all  three  concentratioiis  cauhed  nuclear  conwaotion 
(the  curves  shifted  toward  the ■ siaaller  values) .  A  comparison  of  this 
figure  with  Figure  la  shows  that  the  nature  of  the  curves  and  the  degree 
of  contraction  of  mast  cell  nuclei  and  mesothellal  nuclei  are  tulte  similar 
-'The  contraction >of  mesothellal  nuclei  and  mast  cell  nuclei  caused 
by  novocain  proved  to  be  reversible.  After  the  segmefttS  of  mesentery  were 
transferred  from  0.25  and  0.5f  novocain  solutions  ibacTc  into  Earl's  fluid-;  : _ 
the  sizes  of  the  nuclei  again  increased,  sometimes  regaining  their  :orlglQ?7. 

Tdble  4  preseiits "data  on  reversibility  of  the  action  of  ^0.25  and; , 
0.5f  novocain  solutions  on  mesothellal  hticleij  while  Figure  2  (a  and  b)  :  . 
shows  the  contraction  of  mesothelial  ^and  mast  cell  nuclei  after  they 
subjected  to  the  action  of '0.5f  novocain  (the  dlstribution  curves  off.the 
nuclei  Shift  toward  the  smaller  values)  and  return  to  their  former  size 
after  the  novocain  was  washed  out  in  Earl's  fluid* (the  distribution  curves 
again  approach  the  controls).:  ■■■■■  /  ‘ 


Conclusion  ' 

Our  data  and  the  results  of  earlier  studies  (Vol'fenzon,  195^; 
Aleksandrov  and  Vol’fenzon,  I956)  indicate  that  in  the  cells  of  certain 
tissues  (fahbit  areolar  tissue,  rat  serous  membranes)  substantial  changes 
caused  by  novocain  may  lead  to  reversible  contraction  of  the  protoplasra 
and  nuclei.  Hovever,  data  in  the  literature  and  our  researches  shov  that 
many  other  agents  besides  novocain  may  Induce  reversible  contraction  of 
protoplasm  and  nuclei  in  various  tissues . 

Thus,  reversible  contraction  of  rat  areolar  tissue  in  vitro  also 
took  place  after  the  action  of  CaCl2,  KDl,  etliyl  alcohol,  and  some 
other  irritants  (Aleksandrov  and  Vol'fenzon,  1956) .  Several  investiga¬ 
tors  likewise  noted  the  contraction  of  fibroblasts  in  vivo  under  a  great 
variety  of  experimental  Influences  (MBllendorf  and  MSllendorf,  1926; 

Yasvoin,  1948;  Yeliseyev,  1948) .  Mesothelial  cells  have  been  described 
as  rounded,  compressed  detached  (in  vivo)  as  a  result  both  of  physio¬ 
logical  (mechanical  pressure  of  Internal  organs)  and  of  artifical  (various 
chemical  agents,  trauma)  irritants  (Shchelkunov,  1936;  Khlopin,  1937> 

Baron,  1940,  1948).  The  same  cells  were  contracted  in  films  obtained  from 
the  mesentery  and  omentum  of  guinea  pigs  under  the  Influence  of  adrenalin 
and  some  other  pharmacological  agents  (Niessing,  1938) •  There  are  also 
data  on  the  decreased  size  of  mast  cells  after  inflammation  (Maksimov,  1904.j 
and  after  the  action  of  cortisone  (Asbos-lianaen,  1952). 
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lEhere  are,  moreover,  many  reporta  on  the  size  of  nuclei  in  certain 
tissues  -when  Bub^ected  to  various  actions.  The  nuclei  Shrink  in  the 
parietal  and  chisf  cells  of  the  raucuous,  membrane  in  the  stomach  of  rats 
after  vagotomsr  arid  injection  of  histamine;  in  liver  cells  due  to  dally  ;  .0 
fluctuations  in  glycogen' content  (Cespersson  and  Holmgran,  ;193t) J  in,- • 
the  cells  of  the  Cerebrospinal  eanglia  of  frogs  and  mice  in  vitro  vhen 
exposed  to  the  action  of  ether  or  ethyl  alcohol;  in  cells  of  cultures^ 
of  renal  gl(^iaj^l  in  vi1a:6  Tolled  the  action  of  ether  (Krantz,  1947J , 

etc,  . 

These  data  indicate  that  the  Substantial  changes  caused  by  a 
variety  of  irritants  in  tke  cells  of  certain  tissues  may  induce  reversible 
contraction  of  the  protoplasm  and  nuclei.  This  phenomenon  is  therefore  < 
additional  sign  of  lesion  whose  presence  is  particularly  significant  whe:a 
the.  usual  me.tbods.  of  determining  the  functional  state  of  cells  cannot  be 
empibyed,  r  ,  '  :  .‘V'.''.'  '"b',' 

The  method  Of  studying  grahhlation  after  intravital  staining  of  ^ 

tissues  with  basic  vital  dyes  is/  of  course,  widely  employed  to  deteiniiia 
the”  functional  state  of  cells.  Soweyer,  it  is  not  always  suitable  because 
in  certain  cells  the  protoplasm  canhot  oonibine' with  ,tl^  ^anules  of  basio 
stains 7  According  to  V.  Ya.  Aleksandrov  (191^9) »  the  mast  cells  that  we 
studied  In  connection  with  this  report  are  an  example' ^  cells  f rom  whicn 
granules  of  neutral  red  cannot  be  obtained. 

iHe  showed  earlier  (Vol*f enzon,  195M  that  Ipca,!  anesthetics  (when 
used  in  normal  concentrations- -0,25  to  2^),  cause  reyerslbie  lesion  in 
renal  pancreatic  chile  and  In  itibbit  cfcainectiye  tissue  cells  .  Com- 
p£0?ing  these 'facts  with  those  obtained  in  the  present  investigation,  we 
see  that  the  tissues  of  serious  menfcranes  are  kighly  sensitive  to  novocain 
since  the  nuclei  of  meBOtheliai  and  mast  cells  contract  slightly  (7  tO 
10^)‘  following  the  action  of  even  weaker  concentrations  (6.05,  0.1^).  _ 
ThiS  fact  will  Undoubtedly  have  to  be  taken  into  account  when  the  effects 
of  anesthetization  Of  the  abdominal  cavity  are  analyzed.  b,  ;,’  ; 

Findings  .y 

1.  !Novocain  in  concentrations  similar  to  those  employed  in  medicii; 
causes ■ the  nuclei  of  mesothelial  cells  to  Contract. 

;  y  ,2.'  Th©  de^ee  of  nuclear  contractiOh  increases  with  the  .concentrO” 
tibn  ,pf  the  novocain;  0,05  and  0.l|i  solutions  caUSe  only  ySlii^t,  dOntractio 
(averaging  10^  Of  the  control)  /  contraction  increases^to  '24^  after  the 
action  Of  0.25  and  0 -5^  Solutions  and  amounts  to  40^  in  1^  solution. 

,3*  Measurements  of  mast  cell  nuclei  showed  that  these  nuclei 
contract  under  the  inf iUShce  of  the  sa:me  ccncentratipns  of  novocain  as 
mesothelial  nuclei..  ,  .  '',..'.,.7.  '7, 

4.  The  contraction  of  masbtheliar  and  ma.st  ceil  nticlei  following 
the  action  of  novbcain  is  reversible  since  the  nuclei  again  enlar^V  Some¬ 
times  reaching  the  size  of  the  control,  after  the  pieCeS  wbre  trhheferred 
from  the  novocain  solution  to' Eihger's  solution.  '  ' 


5*  results  of  this  study  are  in  agreement  witli  the  data  oh- 

tained  when  ve  investigated  the  effect  of  novocain  on  the  epithelium, 
hidneys ,  •  and  pemcreas  of  rats  and  on  the  areolar  tissue  ctf  rabhits. 
prove  once  again  that  novocain  is  not  a  purely  neurotropic  usent  and  that 
like  other  irritants  it  is  capable  of  inducing  nonspecific  changes  in 

various  tissues.  :  ^  x.  xt. 

6.  These  data  also  show  that  the  reversible  contraction  of  the 

nuclei  observed  in  certain  cells  is  a  highly  sensitive  indicator  of  lesion. 
Changes  therein  make  it  possible  to  take  into  account  not  only  the  nature.. 

but  also  the  degree  of  action  of  an  irritant  on  cells. 

Beferences  , 

AS « Vnanrtrov,  V .  Ya .  19^9 .  "Methods  of  Intravital  Sta inihg  Mammalian 
Tiseues  and  Organs  With  Basic  Dyes."  Tr.  AMN  SSSE 
Aleksandrov,  V.  Ya,  and  Vol’fenzon,  L.  G.  1956.  Eeversible  Contract ic.ia 
of  Connective  Tissue  Cells  After  the  Action  of  Different  Agents."' 

Zh.  obshch.  biol.  17,  2:  142-153.  . 

Baron,  M.  A.  1940.  "New  investigations  of  Cerebral  and  Synovial  IferQbran.3e.*' 
175”latnyaya  yublleynaya  nauchaya  sesslya  1  Mosk  med.  Inst. 

Tez.  dokl.:  6-10. 

Baron,  M.  A.  1948.  "The  Physiological  Shift  of  Sustentacular  Cells  Of 
the  Internal  jMenibranes ."  Collection  in  Honor  of  Aleksandr 
Vasll‘yeVich  Leontpvich  (1869-1943),  Kiev,  264-283.  , 

Vishnevskiy,  A.  V.  arii  Vishnevskiy,  A.  A.  1948.  Novokainoyaya  blpkada 

/  i  masJyanobal  zamlcheskiye  antiseptlki  Isak  dsobyy  vld  nespetslficheskoy 
terapil  ^ovocaln  Block  and  Balsam  Oil  Antiseptics  as  a  Special 

Type  of  Nonspecific  Theraig;/.  Moscow. 

Vol’feiizon,  L.  G.  1954,  "Paranecrotic  Action  of  Local  Artesthetlcs  on 

Cellular  Elements  of  Different  Tissues."  Z^.  obshch.  biol.  15 i  3, 
220-224. 

Yeliseyev,  V.  G.  1948.  "Changes  in  the  Reactivity  of  Cellular  Elanents 

of  White  Eat  Connective  Tissue  in  Experimentally  liiduced  A-avita2i.?.no- 
sie.''  Tr.  Omskogo  med.  ihst.  im.  M.  I.  Kalinina  12;  47-66. 

Maxlmow,  A.  (l^ksJmov,  A.)  1904.  "tJber  entzttndliche  Bindegewebneublldung 

bel  der  welssen  Eatte  und  die  dabel  auftretendeh  Vefdnderungen  deT 
Maatzellen  \ahd  Fetzellen."  Beltffige  ^t.  Anat.  allg.  Path;  93"123. 
Nlkolayev,  M.  N.  1943 .  tJchebnlk  farmakologil  ^extbook  of  Pharmacoloj^'/ • 
'Moscow. 

Rumyantsev,  P.  P.  1959.  J^vestigation  of  Gianui-ar  arid  Vacuolar 

Inclusions  rising  in  Cells  After  the  Actiori  of  NoVocaln  and 
Some  Other  Substances."  Tsitologlya  1,  2;  183-194. 

Khlbpln,  N.  G.  1937.  "Sustentacular  Cells  of  Serous  Menibz^neS  and 
Their  Position  in  the  System  of  Histological  Structrires." 

Arkh.  anat.,  glstol.  1  embriol.  I6,  35  4li-459. 


Shchelkunov,  S.  I.  I936.  "Structure  of  the  Peritoneum  and  Its  Derlvativee 
under  Kormal  and  Experimental  Conditions.''  Ibid. 

71-103.'  ■ 

Yasvoin,  G.  V.  19l»8.  "Changes  in  .Areolar  Tissue  Cells  Following 

Parenteral  Injection  of  Foreign  Serum."  3n  the  collection  in  hone:-:' 
of  Acad.  A.  A.  Zavarzin,  Moscow -Leningrad,  193-201.  - 
Asbee-Eansen,  G.  .1952.  The  mast  cell  cortisone  action  on  connective  tie,?-; 
Proc.  Soc.  exper.  biol.  med,,  80,  677"679*  „ 

Caspersson,  T.  and  Holmgren,  Eg.  193^.  Variationen  der  KerngrBsse  wfitoerid 
der  verschiedenen  Phasen  der  Leberarbeit.  ■  Anat,  i^z.,  79^  53"5y* 
Erantz,  H.  1947.  Eeaktion  der  Zellheme  auf  Narkotika ,  Zs ,  Haturforsch. , 

2b,- 11-12  J' 428-433'.''  J"-.  ,:V,, 

MBllendorf ,  W.  und  MBllendorf  M.  I926.  Das  Fibrocytennetz  Im  lockeren 
Bindegewebes,  seine  WandlungsfS-higkeib  und  Anteilnahme  am 
Stoffwechsel.  Z.  Zellfprsch.  mifcr.  Anat.,  3:  503-60I, 

Niessihg,  K. M938.;  Das  verhalten  der  Deckzellen  Aes  ^eerschweinphe^er-ras 
-unter  ■  dem  Einflttss  verschiedener  Beizinittel.  Zs.  Zelforsch. 

Anat., -S8r' 238-273.:-  ^  ''i-'  r,/,;::; 

Salomon,  A.  1955a.  Untersuchtmgen  der  sekretcxrischen  Innerwation 

i  Magenschleimhaut  mittels  ]&rnvariatioh  Statistik.  .  Acta  Morphol., 

'  Acad.  sci.  Hungaricae,  5,  1-2:  7”9.  .  ;  -a.  4.K^ 

Salomon,  A.  1955b.  Morphologischer  Kachweis  der  sekretorisphen  Aplvit&t 

verschiedenen  Zellarten  der  Magenjschlelirihaut.  Acba  Morphol. 

•  Acad,  sci/ Hungaricae,  6,  1:  ;l4l-l47.  ;  l,  v  ;.  ,*  .  ;?  ■ 

:.:c  fi.-r.  ::  ;-Vi  :Becelyed ^ 'A!^ii  3^ 


THE  ISTECT  OF  VITAMIN  ON  LIVER  CELI5  IN  VARIOUS  FORMS  OF 
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^ages  649-65^ 


R,.,  A.  Petrov 
Department  of  fi’armacology  > 
Blagoveshchensk  Medical  Institute 


Vitamin  B-io  has  heen  widely  eii5»lbyed  in  recent  years  to  treat  pat-  .-ote 

suffering  frora  pernicious  anemia.  There  are  data  on  the  use  of  this 

vitamin  for  livS  diseases  as  veil.  L.  A.  Cherkes  (1953)  refers  to  the  ^ 
experiments  of  Hull  and  Drill  in  which  fatty  degeneration  of,  the  rat  llvo.. 
Induced  hy  Improper  diet  was  prevented  from  developing  by  preparations^ 
containing  vitamin  B,^.  Cherkes  reports  that  large  doses  of ^the  vitamx.o. 
may  mitigate  changes^n  the  liver  even  in  the  case  of  toxic  dystrophy^ 
caused  by  carbon  tetrachloride .  The  regenerative  ability  of  liver  cel_ 
may  also  play  a  part  in  the  restoration  of  liver  tissue  to  n^mlcy  “ 
nutritional  or  toxic  dystrophy  as  well  as  in  the  processes  of  fat  and  lj.po 
metabolism.  This  problem  too  has  been  discussed  in  the  literature,  buu 
Ferrari  and  Brondonl,  who  investigated  it  (1954),  believe  that  vitamin 

has  no  effect  on  the  regeneration  of  liver  cells.  _ 

The  objective  of  our  research  was  to  deteiinine  the  effect  of 
vitamin  Bi2  on  liver  cells  in  dystrophic  processes  brought  about  by  various 

The  work  involved  the  vise  of  intravltal  staining  of  specimens  ob¬ 
tained  by  puncture .  This  enabled  us  to  study  the  origin  and  ell^natlon 
of  liver  degeneration  in  the  same  animal.  Intravltal  staining  of  cells 
makes  it  posslhle  to  determine  their  functional  state  (de^ee  of  d^ago) 
since,  according  to  D.  N.  Basonov  and  V.  Ya.  Aleksandrov  (1940),  the 
character  of  the  intravltal  stain  is  an  indicator  of  the  cellular  state. 

Experiments  were  performed  on  90  white  rats.  Before  starting  wj 
examined  liver  punctures  of  all  the  animals.  In  the  first  series  of 
experiments  liver  degeneration  was  Induced  in  animals  taken  away  from 
their  mothers  by  putting  them  on  a  protein-free  diet  of  starch,  sucrose, 
salt,  vegetable  oil,  and  water.  The  second  series  of  experi^nts  ^s 
formed  on  mature  rats  In  which  degeneration  waa  induced  by  adding  25 
and  It  cholesterol  to  the  food,  which  was  generally  unlimited. 
of  the  punctures  and  administration  of  vitamin  B,^  began  after  the  animals 
were  kept  on  the  diet  for  30  days.  In  the  third  series  of  experiments 
involving  both  adult  and  baby  rats  ttxlc  liver  dystrophy  was  induced  by 
feeding  the  animals  orally  with  a  solution  of  carbon  tetrachloride 
(0.3  ml  per  lOO/g  of  body  weight)  every  24  hours  for  three  days.  Meanwnlle, 
the  rats  stopped  eating  their  regular  food  and  became  dirty  and  sluggish. 

The  doses  were  about  the  same  as  those  recommended  by  K.  A.  Meshcherskaya 
(1954)  to  produce  toxic  fatty  degeneration  of  the  liver.  Her  research 
(1952,  1954)  showed  that  the  number  of  pathologically  changed  cells  inoreasec 
50^  in  a  hepatocytogram  on  the  fourth  day  after  these  doses  of  carbon 
tetrachloride  were  administered. 
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Vital  staining  of  the  liver  specimenfi.  phtained  intravitally  with 
a  fine  needle  was  done  with  neutral  red.  A  1^  solution  of  the  stain  in 
absolute  alcohol  was  first  applied  to  a  defatted  slide.  After  tte  slide 
dried  Completely,  the  specimen  was  placed  on  it,  covered  with  a  covet  glass, 
and  set  in  a  moist  chemher  at  a  temperature  of  about  30  .  t  least  200 
cells  were  counted  in  each  tap.  A  detailed  description  of  the  niethod  and 
a  comparison  of  it  with  the  technique  of  counting  hepatocytograms  on  flzed 
preparations  were  given  in  an  earlier  papsr  (Petrov,  195T) •  . 

The  results  obtained' in  t^  first  series  of  experiments  on  40  baby 
rats  are  shown  in  Tables  1  and  2. 

Table^  1 

Kuuiber  of  Paranecrotlc  Liver  Cells  (as  in  Baby  Eats  Kept 
on  a  Protein-Free  Diet  (the  rate  were  returned  to  a  normal 
diet  after  the  l4th  day) 


Substance  administered 

Days  of  experiment 

0  . 

7 

14 

21 

'  28 

Distilled  water  (o.3  mi  i^*^  S 

of  bodic  wei^t) ..  Control ...... 

0 

39  /  0.3 

63/5 

37  /  1 

O 

Vitamin  Big  (5  psi*  lOO/s  of  ' 

body  weight ,  dally) . . 

0 

44  /  2  ; 

66  i  4 

17/0.5 

0 

Table  2 


Humber  of  Paranecrotlc  Liver  Cells  (ss  in  Baby  Eats 
After  14  Days  of  Protein  Starvation 


Siibstance  administered 

Days  after  halting  protein  starvation 

■  0,.,  .. 

7 

i^  ' 

;  .21' 

1  '  • 

Distilled  water  (0.3  ml  per  100  g 

Of  body  wei^t ,  daily) .  Control . 

^  75/2 

'  '"■.  "i  ^  'V  ■  ■ 

39  /  3 

9  /  0.4 

4/  0-.: 

Vitamin  B^^g  (5  ug  per  loo/g  of  , 
body  weight,  daily) . 

78/3 

10  /  0.5 

•  0- 

0 
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It  iB  evident  from  Tables  1  and  2  that  the  number  of  paranecrotic 
liver  cells  in  baby  rats  kept  on  a  protein-free  diet  increased,  reaching 
63  to  75^  by  the  l^ith  day.  The  administration  of  vitamin  ^'“'Ing  pro¬ 
tein  starvation  (Sug/per/lOO/g  of  body  weight,  daily)  did  not  prevent 
these  changes.  Bepatocytograms  taken  on  the  same  day  revealed  cells  vith 
drops  of  fat  and  indications  of  granular  dystrophy,  amounting  to  of 
all  the  liver  cells.  When  the  rats  vere  returned  to  a  normal  diet  two 
weeks  after  the  experiment  began  (Table  2),  a  significant  difference  shower, 
up  between  the  experimental  and  control  animals,  ih  the  animals  that 
received  Vitamin  the  original  state  of  the  liver  cells  was  restored 
more  quickly. 

The  second  series  of  experiments  was  performed  on  20  adult  rats . 
Vitamin  Bng  was  administered  for--  21  days  in  doses  of  5WP®i'  lOO/s 
of  body  weight  daily .  The  results  are  presented  in  Table  3 • 

Table  3 


Number  of  Paranecrotic  Liver  Cells  (as  in  Bats  Eecelvlng 
1^  Cholesterol  and  25^  Fat  in  Their  Food 


Substance  administered 

j  Days  of  the  experiment 

30 

37 

i  ■  ■ 

51 

Distilled  water  (0.3  ml  per  lOO/g 
of  body  weight,  21  days) . 

Control . . . . 

29/3 

Ito  /  2 

23  /  3 

1+6^2 

Vitamin  B.  (5  ug/per  lOO/g  of  j 

body  weight,  21  days) ........... 

29  /  5 

j 

31  /  h 

35/5 

j 

52/6 

M  /  m  diff . . . . . 

9  /  2.8 

12  /  2.1+ 

6  i  5-? 

Besides  liver  speclments  obtained  by  puncture,  we  also  examined  in 
this  series  of  experiments  blood  taken  from  the  tall,  using  the  method  of 
intravital  staining.  We  showed  earlier  (1957)  "that  paranecrosis  develops 
in  leukocytes  from  drops  of  tail  blood  in  fatty  degeneration  of  the  liver 
induced  by  starvation  and  tannic  acid.  This  happens  at  the  same  time 
that  paranecrotic  cells  appear  in  the  liver.  Unlike  ether  forms  of  liver 
affections,  with  cholesterol  dystrophy  the  number  of  paranecrotic  leuko¬ 
cytes  did  not  exceed  lO^t  of  all  the  cells  in  any  of  the  experiments,  i.e., 
it  was  the  same  as  in  healthy  animals . 
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The  third  series  of  experiments  vas  pei^fomied  on  30  rats.  Toxic 
liver  dystrophy  vas  induced  hy  carbon  tetracl^oride  .  Vitamin  B-g  vas  ad-  ; 
Mnistered  to  one  group  of  aniinalB  after  ^stro^hic  ’conges  were  detected 
in  the  liver j  it  was  given  to  another  group  together  with  carbon  tetra- 
chloride.  Besides  liver  specimens  obtained  by  pimcturei  we  exa^hed  drops 
of  tail  blood.  Ihe  results  of  title  ^ 

table  t.  .  :  -  I>;-'  i  i-' 

Table't'  '  V  i 


Humber  of  Paranecrotic  Liver  Cells  (as  ^)  - in.  Eats  with 
Liver  Dystrophy  Induced  by  Carbon  Tetrachloride 


:':v  J  ,i  , 

Buys  of 

the  exper  iment: 

substance  adffllhistered ’  -  -.t  ; 

J  ^  V  ■  ■  - 

mm 

1 

■■ 

Carbon  tetrachloride  (0,3  ml 

:  !  ■  .i 

.3  i  ■ 

loo/g  of  body  weight,  3  days) . 

■  i in' 

31  /  ^  - 

9/0.5 

C ontr ol 

,  ;  'O  ’  ■■■ 

mi  X 

Carbon  (tetraclilorlde  (0.3  ml  pbr  106/g 

of  bccly  '3  ^i^s)  / 

'■  ’  ■ 

vitamin  B  (5ug  per  lOO/ g  of 
bp6y , weight, .  13  ^ays) ............  . 

..  '  -  ■ 

78  /  > 

■ 

r  i' 

V 

,-.2§-7"2' 

0 

Carbon  tetrachloride  (0.3  ml  per  ioo/ 
g,  of  body  weight,  3  days)  /  , 

" 

vitamin  Bj_2  (5ws  per  106/g  of  . 

bcdy.'weight,'  10  days) . . ........ 

0-  ' 

88  t  k 

;  0 

Hbte.  The  number.  of  paranecrotic  leukocytes  reaches  60%  on  the  fourth 
day  of  the  experiment. 


The  table  shows  that  the  administration  of  vitamin  B^g  with  carboii 
tetrachloride  does  not  prevent  the  development  of  toxic  dystrophy  of  the 
liver.  After  administration  of  the  carbon  tetrachloride  is  discontinued, 
vitamin  B, „  hastens  the  return  of  the  liver  cells  to  normalcy . 

It  IS  evident  from  the  results  of  the  first  and  third  series  of  ex¬ 
periments  that  vitamin  B^^o  Ijee'tens  the  return  of  liver  cells  to  normalcy 
after  administration  of  the  injurious  agent  is  discontinued.  (In  the  second 
aeries  of  experiments  (with  cholesterol  dystrophy  of  the  liver)  we  were  un¬ 
able  to  test  the  effect  of  vitamin  3^2  purpose  because  the  control 

animals  were  used  elsewhere  for  biochemical  and  pathohistological  experiments.) 
This  result  in  all  probability  is  nonspecific  in  character  since  dystrophic 
processes  caused  by  protein  starvation  and  intoxication  differ  ..n  origin 
and  ai'e  not  the  oonaeguence  of  iritamin  deficiency. 
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Find-  g  g  does  not  prevent  changes  in  liVer  cells  resulting 

from  a  protein-free  a&t,' ybut  it  does  ]tosten  the  return  to  normalcy  when. 

the  siim  with  cholesterol  does 

not  change  the  degree  of  dystropliic’* changes  in  liver  cells.  _ 

3 .  Vitamin  hastens  the  return  of  liver  cells  to  normalcy  after 

toxic  dystrophy  causld  hy  carbon  tetrachloride. 
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the  state  of  inoeganic  phosphorus  in  peotopiasm 
^agea  §53-6607  : 'V:';:'.,:.  i-'-vw.  :fi^eva^  ^ 

■  '  '  'JjabDratory' of  Cellular  Pl3yeidlp|^>-  ;  ■ 

v'^'-  '■  /  %stitute  6f  Cytolb^,;  Acadai^^^ 

'  v— lehili0:4a' 

Cheulcal  analysis  Indicates  that  ‘the  concentraliion  of  So-called 
"  inorganic" '  i)h6Sphof  us  in  id’otoplasm'  is  much  hi^er  than  in  the  blood 
plasiiia  aurroundliig  the  c611b  (cf .  Fetin  1936i  Lihg,  1952»  Troshln,  1956a j 
others) ..  Ez^rliiients  with  radioactive  phoSpiiorus  show  the  ’  Intenslye  ex- 
change*  dlfyafiotiS  phosphorus  f fact  ions  of  the  hell  (inclyding  fractions  ' 
of  inorganic  phosphofus)  with  phosphorus'  of  'the  laheided  hfthoplidsphate^  f.f 
the  surroundings.  '  However;''  the  spe’d'ific  radioactivity  of  miitefal  pbos-i^'^  '• 
phorus  in  the ‘cell  is  invar iahly  lower  than  its  Specif ic  radioactivity  of 
many  organic  rpbdsph^^  cellular  compbifadS  '  (Hahn  and  Hevesy ,  19^2 j  MUlliis^  ^ 

1942 j  iteeiler  and  Hastings,  1951)  • 

^  .This  phenomenon  has  still  not  'been  satlsf ac tor ily  explained.  Some 
beliefe  tha't  the  ceil  mefibrane' is  not  permeable  to 'the  anion  of  ‘  ofthophos- 
phoric  acid.  Others  hold  that  phosphofus  gn' t^  cellular  surface  is  first 
esterified  after  vhich  it  passes  throU^  the  cell  membfane  in  the'  f oiti  of 
organic  phosphorus  compounds  (Kbmen  and  Spiegelnan;;  1948;  Causey  aiid  .. 
Harris,  iopl;  Mitchell,  1953*  1954,  19571  ;*lcciSan  and  Eothsteln,  1957) .  ^ 
Still  othufs  maintain  that  the  anion'  6f  ofthophdsphdric.  acid  freely  peflo- 
trates  into  the  cell  Where  it  Vis  ihcdfpofated'jintb  th©, 'Organic  compounds 
(Furchgott ’aM"Bhdff:,-?1943)  b  V  '  Ji ; 'Vfiff''.'r'a',’v'.  ;  ,ii ''■' 

Some  investigators  have  concluded  that  the  concentration  of  free 
mineral  phosphorus  (anion  of  ofthophosphdric  acid)  in  the  cell  is  much  lover 
than  that  indicated  by  cheiaical  analysis. _  They  assume  that  the  basic  mass 
of  phosphorus  determined  chemically  as  "inorganic"  exists  in  a  nondlssoci- 
ated  state 'land  that  it  may  well  he  an  artifact  caused  >by  the  deccm^gsitlon 
of  labile  organic  phosphorus  Compounds  Iduring  the  extraction  of  phosphate 
frcaa  the  tissue  (Eamen  and  Spiegelma'n,  1948;  Elliott  and  Hevesy,  1950j 
Chambers  and'White/  1954)  •  ■  V  f  ■ 

It  follows  from  the  above  that ; the imechanismT  Of  phosphorus . exchange 

between  the 'Cell  and  surroundings  cannot  be  explained  unless  one  Iniows 
the  states  in  which  Intracellular  phosphorus  may;  occur . r  ,  It  is  .particularly 
necessary  to  determine  with  maximum  accuracy  the  amount  of  its  Inorganic 
(free)  fraction.  ' 

-  ill  09*“®c4ion  with  this  report  distribution  of  . 

phosphorus  between  the  frog  saftorius  imscie  and  physiological  solution 
containing  ^labelled  orthophosphate :  At  the  same  time  we.  determined  ehern- 
ically  the  inorganic  and  total  phosphorus  of  the  muscle.  Finally,  we- 
tr  ied  to  calculate  the  actual  amount  of  the  freer  inot'  ganlc  phosphorus  . 
iraction  rln' the  muscle  ■  ■  fr  ^ 
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Method 

-  Experiments  vere  performed  on  the  sartorius  muscles  of  the  grass  f: 
from  Octoher  to  May.  Jhorganic  phesphorus  vas  determined  hy  the  method 
of  Fislc  and  Suharrou  after  freezing  in  liquid  oxygen.  Total  phosphorus 
vas  determined  hy  the  Same  method  after  preliminary  mineralization.  The 
rate  of  phosphorus  exchange  of  the  muscle  vith  inorganic  phosphoruSgOf  the 
surroundings  was  studied  vith  the  help  of  In  the  form  of  Ka2HP 

Prepared  lauscles  vere  placed  for, one  hour  in  &  nonradioactive  solu¬ 
tion,  yhich  vas  made  up  just  before  the  experiment  hy  mixing  equal  quanti¬ 
ties  of  two  solutions  as  follovs:  solution  1  --  NaCl  =  111.1  mM, 


'Og 


KCl  =  2.5  mM,  CaClo 


1.8  mil;  Solution  2  --  IIa2HWij  -  2.5  iiM,  KaHgPOi  "^0.5 
liM  (Keynes,  1954)  This  solution  contained  9  aig^  phosphorus.  The  muscl;,-: 
vere  transferred  to  the  same  solution  where  part  of  the  Na2HP0|j  vas  repla  ;od 
with  NapH^^Or  .  The  muscles  y^ere  taken  out  of  the  solution  ali  y^lous  Ic  ' 
tervals  and  the  activity  of  their  phosphorus  determined.  Specimens  to 
calculate  the  activity  vere  prepared  in  the  vhy  descrihed  hy  Troshln 

(I956h,  1957).  ,  ,  ' 

The  concentration  of  phosphorus  in  the  muscles  dlsplacsed  hy  labelled 
phosphorus  of  the  surrounding  solution  vas  computed  per  100  g  of  wet  tissue 
weight  and  per  100  g  of  intracellular  water.  The  vet  tissue  weight  was 
computed  from  the  fomula  :  .  ;  ,  J 

C  -  Crt  X  Cji, 

displaced  in  the  muscles ,  — 

‘1- 


m  ■•■■ft  . w' ■  ■ 

where  C_  = ‘concentration  of  ^ospnorus  displaced  in  the  muscles ,  C0  — 
concentration  of  phosphorus  in  .the  outer  radioactive  solution,  .vi--  diet 


hution  coefficient 
The 


igsphorus  in  .the 
( Q  -  counts/min 
couhtB/mih 
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per  g  of  vet  muscle  weighty 
per  ml  of  outer  solution  /’ 


couhtB/mih 

intraceliular  water  was  computed  from  the  formula 


■  '  ,  ..'■'  ce-(Q-o'.i),^; 

where  Cg  is  the  doncentration  of  displaced  phosphorus  computed  for  the 
T-iater  of  the  muscular  fiber)  the  other  symbols  are  the  same  as  in  the  form¬ 
ula  above.  -,  Ih  'the  computations  0i7  g  out  of  each  g  of  vet  tissue  weight  p-s 
allowed  for  the  water  cf  the  muscular  fibers  and  0.1  ;g  for  the  water  of  the 
intercellular  spaces  (Troshin,  '1956s)* 

The  results  of  the  experiments  were  statistically  processed)  the 
mean'  arithiaetlc  and  mean  square  errors  wersr  determined.,  ■  :  \i 


Eesults 

1 .  Changes  In  the  content  of  total  and  InorganiO  .phosphorus  in 
the  muscles  While  in  the  saline  solution.  Two  series  of  experiments  were 
set  up  to  determine  the  total  and  Inorganic  phosphorus  in  the  muscles  , 
immediately  afi^er  preparation  and  after  different  periods  of  Immersion  in 
physiological  solution.'  •  In  the  first  series  the  muscles  were  kept  in 
saline  solution  at  a  temperature  of  18*^)  in  the  second  series  they  were  .'j 
kept  in  the  same  solution  cooled  to  2°  C . 


.  /We  fotiM  in  the  frog  sartoriua  aiusole  freshly  removed  <froni  the 
organisii  26f  15  lag^  total  phosphorus  "(8  experiments)',  rn 

inor^nic  phosphorus  ;  (18  experimah-fcs);.  The  phos-piiorus  cph|eiit  va 
determined  direry  one  or  two.  hours, last  determination  ‘feeing  siade  8  , 

hours  after  the  muscle  was  immersed  in  the  physiological  solution.  Tablp  1 
shows  the  ' values  e'btained.  ‘  -Ko  regular  changes  were  observed  in  the  total  . 
phosphorUB'conteht  .:of  ■  the  muscle  during  the  experime.nt.  The  inorga^c 
phosphorus  content  of  themuscies  shifted  perceptibly  during  the  first  ; 
90  minutes  they  were  Immersed  In  the  physiplogical  solution  (to  5**  *3 
mg^  at  18?  and  to  30.O  /  2.b  mgS&  ht  2°),  evidently  the  result  of, a  change 
in  the  functional  state  of  themuscies  due  to  preparation  and  removal  from 
the  organism.'  -The  inorganic  phosphorus  la'ter  approached  tl^  original r-- 
content  (46.1  /  4.2  mg^  at  i8°-and  41.4  ^  2.7  mg?&  at  2°)  >  • 

{./ V!  v'..,.' !:  ;-Tablel:y-^  ■  ■■  ;  /' 

/  .  Changes  in  the  Content  of  Total  and  Inorganic  Phosphorus 

’’  i  r;  <  dn  Muscles  While  Immersed  in  Physiological.; Solution 
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2.  Distribution  of  labelled  phosphorus  "betyeen  frog  limscles  and 
surrounding  saline  solution.  ¥e  set  up  four  series  of  experimefits  to  : 
«tudy  -t-bA  f^ispifloftnent  of  P  In  the  muscles  by  radioactive  phosphgrus  of 
the  su^ounding  Solution  under  noiinal  conditions  (temperature  :l8  )  and  vith 
suppression  of  enzymatic  processes  (addition  of  soditim  azide  to  the  medixm, 
cooling  to  2  and  o“) .  In  each  series  the  activity  of ’the  phosphorus  was 
measured  15,  30,  6o,  120,  I80,  300,  and  l>20  minutes  after  the  muscles  were 
placed  in  the  radioactive  saline  solution.  The  results  of  the  experiments 
are  showi  in  Table  2.  Each  value  In  the  table  is  the  mean  of  8  to  12 

determinations.  ^  ■  .  \  ^  _  4.  . 

The  main  series  of  exiteriments  was  performed  at  18  ,  repeated  twice 
(at  the  begiiining  and  at  the  end  of  the  work)  ;;  the  results  of  both  group 
of  determinations  coincided  completely.  Figure  1,  curve  I  shows  that 
radioactive  phosphorus  penetrated  rapidly  into  the  muscle  during  the  f irt 
15  minutes  (1.27  [  0.07  mg^  of  muscle  :^hosphorus  displaced)  after  which 
the  process  slowed  down.  In  general,  after  seven  hours  only  7.6  mg^  muscle 
phosphorus  ■wos  displaced  by  labelled  phosphorus  of  the  surrounding  Bolut.!.on. 
This  totaled  about  l6^  of  the  amount  of  inorganic  phosphorus  deterMned  at 
this  time  by  chemical  means  (U8.8  mg^  and  2.6^  of  the  amount  of  total 
muscle  phosphorus- -290  mg^) .  . 

These  data  are  Insufficient  to  indicate  the  distribution  of  labellso. 
phosphorus  between  inorganic  and  organic  fractions  of  the  muscle  However, 
one  may  assume  that  if  phosphorus  penetrates  into  the  cell  in  the  form  of 
orthophosphate,  suppress ion  of  enzymatic  reactions  should  not  greatly  affect 
the  rate  of  uptake  of  labelled  phosphorus  by  the  muscies  , since  much  less^ 
labelled  phosphorus  penetrates  into  the  muscles  d\a:ing  experiments  at  I8 
than  is  necessary  to  displace  the  "mineral"  fraction.  On  the  other  hand, 
if  orthophosphate  does  not  penetrate  into  the  muscle  fibers  and  phosphorus 
penetration  into  the  muscle  fibers  is  due  to  esterification  on  the  cell 
surface,  suppression  of  enzymatic  reactions  shotild  lead  to  a  sharp  drop 
in  the  rate  of  labelled  phosphorus  uptake  by  the  muscles,  iVith  sufficient 
inhibition  the  maximum  amount  of  displaced  muscle  phosphorus  should  not 
exceed  the  amount  of  this  anion  found'  In  the  intercellular  spaces. 

'  However,  experiments  that  were  run  to  solve  the  problem  failed  to 
support  either  hypothesis.  Suppression  of  enzymatic  reactions  by  adding 
sodium  azide  to  the  physiological  solution  4n  which  the  muscles  were 
immersed  and  lowering  of  the  temperature  to  2  and  0°  substantially  reduced 
the  rate  of  labelled  phosphorus  uptake  by  the  muscles,  as  is  evident  from 
curves  II,  in,  and  IV  in  Figure  1.'  During  the  first  30  minutes  labelled 
phosphorus  entered  the  muscles  fairly  rapidly,  bhen  slowed  down,  and  some¬ 
times  after  3  hours  ceased  altogether.  It  is  alsd  clear  from  the  shape  •: 
of  curves  II,  III,  and  TV  In  Figure  1  that  the  amount  of  displaced 
muscle  phosphorus  in, all  three  cases ’Invariably  attains  a  value  greater 
than  what  the  intercellular  spaces  could  include .  Experiments  at  2  and  0° 
yielded  identical  results ,  c 
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■.T  ResulW  of  the  ©xpericients  inTplvlng '.suppression  c^  .jsnzTmat^ 
support  the  asstimption  that  (i)  mineral  phosphoru©  may  penetra-^  ihto 
muscle  fibers  in  the  form  of  an  anion  “of  orthophhsphoric  aci^  (If  ow  con¬ 
ditions  ensure  adequate  inhi'Diticai  of  the  ©JUiymatlc  .pfocessee)  and ;(  th& 
concentration  of  free  mineral  phosphorus  of  muscle  fibers  foi^d: in 
dif f  us  ion  equilibrium  with  orthophosphate  of  the  sutrounding  medium  is  , 
much  lower  than  the  concen'^ation  of  muscle  "miherai'  phosphate  determined 

chemically^:,  .‘v'-:';  .  ^  .  i.;';  r.'l 

:  i  In  the  .following  series  of  ©xperlmenbs  we  tried  to  deterciin©  tne 
true  value  of  the  free  mineral  phosphorus  fraction  in  muscle  fibers , 

:.3;  .Relationship  between  the  concentration  of  muscle  phosphorus 
displaced  at  lew  temperatures  and  its  concehtration  in  the  surrounding 
saline  solution.  .The  concentration  of  a  substance  dissolved  in  a  cell 
under  th^conditions  of  diffusion  ©quilibriuii  is  directly  dependent  bn  its 
concentration  in  the  surrounding  medium.  rule  appliSs  to  the  distri¬ 

bution  both  of  nohelectrolytes  and  of  organic  and  mineral  ions  (TroShin, 

1956a) . 
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The  curves  in  Figxire  1  show  tiia-t  when  enzymatic  reactions  ^re  sup- 
pressed,  the  growth  in  concentration  of  lahelled  phosphorus  in  muscles 
almost  comes  to  a  complete ,  halt  in  5/hotifs  .  it  i^  probable  that  &  diffusion 
equilibrium  has  set  in  between  the  labelled  phosphorus  of  the  surrounding 
medium  and  the  displaced  phosphorus  of  the  muscle.  Under  these  conditions 
it  is  possible  to  determine  the  value  of  the  phosphorus  fraction  dissolved 
in  the  protopiasm  of  the  muscle  fiber.  This  requires  the  construction  of 
a  graph  shovring  the  relationship  between  concentration  of  labelled  muscle 
phosphorus  and  orthophosphate  Concentration  in  the  surrounding medlumj  as 
was  done  by  A:.  S.  Troshin  (1956a,  I957)  for  other  substances. 

To  stu^  this  relationship,  we  ran  a  series  of  experiments  in  which 
Isolated  trog  sartorius  muscles  were  kept  for  U20  minutes  in  saline  solu¬ 
tions  chilled  to  2°  and  containing  2.25. mg^  phosphorus  the  normal  con-  ; 
tent),  9  phosphorus  (normal),  and  18  phosphorus  (double  the  noimai'  = 
¥e  compensated  each  time  for  the  change  in  amount  of  phosphorus  in  the  so  'i"- 
tion  with  an  equlmolecular  amount  of  sodium  chloride.  Muscles  held  in 
these  Boluticais  did  iiot  differ  from  the  controls  in  irritability,  water 
■•ontent,  or  external  appearance.  Theconcentration  of  displaced  muscle 
Phosphorus  was  computed  per  100  g  of  wet  tissue  weight  and  per  100  g  of 
intracellular  water.  The  results  of  this  series  of  experiments  are  given 
in  Table  3  and  Figvire  2.'  *  i^e  straight  line  ab  in  Figure  2  represents  the 
relationship  between  concentration  of  displaced  muscle  phosphorus  (C^)  and 
concentration  cf  orthophosphate  in  the  equilibrium  surrounding  medium  ^d 
corresponds  to  the  formula  ;  ' 

where  A -and  K  are  constants.  Here  %ie  total  amount  of  displaced  nuscle 
phosphorus  (C  )  is  obviously  made  up  of  dissolved  (C)  and  bound  (A)  (by 
adsorption  or^ chemically)  fractions.  The  constant  Ae-ja,  as  is  evident  from 
the  graph,  is  numerically  equal  to  the  Segment  on  the  ordinate  oa.  In  our 
case  Aep  is  equal  to  0.8  mg^.  This'is  the  jmeiXimum  amount  of  bound  muscle' 
phoephoruB“<(A)“that ’csnPbe  displaced  under  our  Conditions  by  labelled  phos¬ 
phorus  of  the  surrounding  medium.  ' 

It  is  a  fair  assumption  that  the  straight  line  06  p^allel  to 
straight  line  ab  (Figure  2)  reflects  the  relationship  between  concentratidr., 
of  phosphorus  dissolved  in  muscle  fibers  (C)  and  concentration  of  orthophos¬ 
phate  in  the  sijrroundlng  medium  (Cg)  and  agrees  with  Henry's  law 
C  =  C_  X  K,  where  k  is  the  constant  of  proportionality  and  equal  to  the 
tingent  of  the  Angle  of  slope  of  straight  line  be.  It  shows  the  degree  to 
which  orthophosphate  solubility  in  protoplasm  differe  from  its ^solubility 
in  the  water  of  the  surrounding  solution.  In  this  instance  K  "  O'.lTj  i-e* ; 
regardless  of  the  orthophosphate  concentration  in  the  surrounding  medium, 
its  concentration  in  the  water  , of  the  muscle  fiber  under  the  conditions  of 
diffusion  equilibrium  is  83^  Ibss  than  in  the  surrounding  solution. 


Very  low  values  :of  the  'constant  K  were  obtained  by  Troshin,  who 
studied  the  distribution  of  different  npnelectrolytes,  jnacroiaolecular 
organic  electrolytes,  and  mineral  ions  between  frog  muscles  and  ®aline 
solution  surrounding  them  (Troshin,  1956a) ,  On  the  basis  of  data 

other  authors  (Nasonov  and  ,  leksandrov,  1943;  Troshin,  ;1956a;  Oparin, 

1957;  others)  conjectured  that  water  in  the  protoplasm  is  in  a  special 
state,  possessing  low  solvent  ability.  ^  doiiw 

The;area  of  the  intercellular  spaces  cannot  be  determined  easily, _ 
but  it  is  safe  to  assume  that  it  is  no  more  than  10^  for  the  f^og  sar  or^ui.) 
muscle  (Troshin,  1956a)  .  Assuming  further  that  the  concentration  of  saiti 
in  the  intercellular  fluid  Is  the  same  as  in  tbe  surrounding  medium,  we 
come  up  with  0.9  xag^  inorganic  phosphorus  for  the  intercellular  Spaces 
since  the  phosphorus  content  of  our  solution  was  9  lasS®*  ,  a 

Vater  averages  80^  of  the  weight  ,pf  sartorius  muscle;  ^ter  deduc- 
10^  for  water  in  the  intercellular  space's  we  are  left  with  7Pfa  ^otoplae:*.c 
water.  ¥e  computed  the  coefficient  of  phosphorus  solubilltyinte^pa^oyo- 
plasm  as  0.17/  Hence,  1.1  mg^. phosphorus  (9  x  0, : ITsX  70^)  “ay  bf  , 
dissolved  in  the  water  of  the  protoplasm.  This  means  that  the^^uscle  con¬ 
tains  2  mg^  f ree  inorganic  phosphorus  (0-9“S^)  ^i®®^ved  in  tbp  "water  _ 
of  the  intercellular  spaces  and  1.1  mg^  in  protoplasmic  water.  Evon  ii^  ^ 
later,  more  wecise  determination  should  reveal  that  the  area  of  the  in  e-" 
cellular  spaces  is  greater  or  less  than  lO^J,  the  resultant  corrections  in. 
our  computations  would  be  trivial.  (Hahn  and  Hevesy  (1942)  found  1», 5  , 

free  phosphorus  in  rabbit  erythrocytes.) 

in  recent  years  some  investigators  (Troshin,  1956s;  Bxiher,  Shirlejr 
and  Shaw,  1958;  others)  advanced  the  view  that  muscle  phosphorus  is  dis¬ 
tributed'  entirely  among  three  fractions:  (a)  phosphorus  dlssolyed  in 
intercellular  fluid, (b)  free  intracellular  phosphorus  (dissolved  in  ^oto- 
plasm),  and  (c)  bound  phosphorus  in  the  cell  (adsorbed  ar^  incorporated 
in  inorganic  phosphorus  compounds).  The  data  presented  in  this  paper  ten  . 
to  support  this  hypothesis .  r:  '  ^  ' 

About  4o  mg^  inorganic  phosphorus  was  found  in  frog  sartorius 
muscle  by  chemical  methods  (Fenn,  1936;  Panteleyeva,  1953 1  this  pa^r) .  ^ 

However,  our  calculations  shoved  that  only  2  mg^  phosphorus  is  to  be  for, via 
in  a  free  state  and,  consequently, ;  the  basic  mass  of  phosphorus  determine-^, 
chemically  as  "inorganic”  is  in  a  free  state  in  muscle  fibers.  Part  of 
the  so-called  "inorganic"  phosphorus  in  muscles  may  be  represented  by  tns 
phosphorus  adsorbed  on  the  proteins— colloids  of  the  protoplasm.  Data 
on  the  ability  of  proteins  in  a  solution  to  bind  orthophosphate  by 
adsorption  favor  this  assumption  (Kometiani,  1^8;  Caiihan  and  Levy,  I95P;  . 
-^urowitz,  1950;  Ling, ’1942).  Hor  can  ye  exclude  the  possibility mehs  _ 
tioned  above  that  part  of  this  chemical  fraction  of  phosphorus  belongs  to  . 
some  labile  organic  phosphorus  compounds  that  decompose  when  the  phosphorus 
is  extracted  from  the  cells  (Kamen  and  Spiegelman^  1948;  Blliotl:  and 
Hevesy,  195O,  1950;  Chambers  and  White ,  1954). 
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Since  out  of  the  total  Cellular  phosphorus  (267  only  an  to- 

significant  portion  (2  ing^)  is  found  in  a  free,  dissolved  state,  it  is 
obvious  that  the  rate  of  penetration  of  labelled  phosphorus  into  the 
cell  its  exchange  vith  intracellular  phosphorus  vill  necessarily  de 
pend  almost  entirely  on  the  rate  of  excharige  of  those  organic  compounds 
of  vhich  it  forms  part.  It  is  natural,  therefore,  under  the  conditions 
in  vhioh  the  action  of  enzymatic  systems  responsible  for  the  s^thesis 
and  restoratioii  of  organic  phosphorus  coB^ounds  is  suppressed  (lowering 
of  temperature,  addition  of  e^nzymatic  toxins)  that  there  should  be  in¬ 
hibition  of  phosphorus  exchange  between  the  muscle  and  the  surrounding 
medium,  as  ve  observed  in  our  experiments. 


SuMiary  ,  '  , 

Ap.  investiigation  vas  ins.de  of  tiiie  distribution  of  Isbelled  phosplio 

between  isolated  frog  sartorius  muscle  and  a  surrounding  saline  solutior 
at  a  temperature  of  l8^  and  under  conditions  involving  the  suppression  o:. 
enzynfitic  processes  (action  of  scdiuiii  azide,  lowering  of  the  tempera, turs 
of  the  solution  to  2  and  0°) .  At  the  seme  time  inorganic  and  total 
phosphorus  in  the  muscle  were  chemically  determined .  It  was  discovered 
that  onlyia  small  part  (2'.  mg5&)  of  the  phosphorus  chemically  determined  as 
"inorganic"  (Uo  mi^)  waS  in  a  free  state  in  the  cell.  -j  ,  , 
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Electric  polarization  of  tissue  after  a  current  is  passed  through 

it  is  regarded  as  a  characteristic  of  its  native  condition.  Changes  in 

•polarizahility  following  lesion,  injury,  and  death  of  protoplasm  _ 

serve  as  a  sensitive  indicator  of  changes  in  its  p^sicochemical  structura, 

as  demonstrated  hy  B.  H.  Tarusov  (193^)  .  ,  ‘  vw 

Following  the  action  of  substances  normally  used  as  fixatives  by 
histologists,  tissue  polarizability,  as  In  ordinary  necrosis,  is  stoplr 
reduced.  Formalin  is  well  known  as, a  special  fixative.  For  example, 

D  H  Nasonov  and  his  co-workers  (Nasonov  and;  Aleksandrov,  1944;  Nasonov 
and  Speranskaya,  1948)  showed  that  the  injury  potential  charac terist ic_- 
of  living  nerve  and  muscle  may  be  found  in  nerve  and  muscle  treated  wit. 
a  2(M  foiinalin  Bolution.  Other  reports  (Spiegel -Adolf  ,^Henriy,  an 
Ashkenaz,  1944;  Kozlov,  1958)  contain  indications  that  formaldel^de  used 
as  a  fixing  fluid  scarcely  changes  the  roentgenogram.  We  knew  that  nerves 
fo^im  arfthe  l.est  mterfal  for  tr«iBplon^tlon^of-^^rvous 
tissue  (Anokhin,  1953).  Finally,  the  .  specific  nature 

on  tissue  is  revealed  by  the  fact  that  muscles  fixed  with  formalin  retain 
their  polarization  capacity  (Tarusov,  1941) .  . 

In  a  discussion  of  the  results  described  in  some  of  the  papers  civ.od 
(Tarusov,  1941:  Nasonov  and  Aleksandrov,  1944)  it  was  conject^ed  that 
formalin  does  not  destroy  the  structure  of  protoplasm  that  deterges 
the  electric  polarization  of  tissue.  However,  the  processes  taking  place 
in  living  tissues  treated  with  formalin  have  not  yet  been  fully  elucidated. 
Nor  is  it  known  whether  the  degree  and  r^tufe  of  polpization^cf  tissues^ 
treated  with  formalin  vary  with  the  histological  structi^e  and  function 
characteristics  of  these  tljssues  .  The  purpose  of  puf  investigation  was 
to  determine  how  the  polarization  properties  of  muScles  ^ffering  in 
structure  and  possessing  various  functional  properties  might  change  when 

fixed  with  formalin.  /  \ 

We  used  for  laxperlmental  objects  the  crab  (Carcinus  maenas)  flexor 

iBuscle  of  the  extremities,  the  obturator  muscles  of  the  common  mussel 
fMvtilus  edulis)  and  oyster  (Ostrea  teurica) .  We  analyzed  the  relation-^ 
ship  between  electric  resistance  and  frequency  as  an  index  of  polarlzabl_- 
Itv.  The  so-called  polarization  coefficient  suggested  by  B.  N.  Tarusov 
(1938)  was  the  measure  of  polarizability.  This  coefficient  shows  how  much 
less  tissue  resistance  measured  at  a  frequency  of  1  ^g.  is  than  the 
resistance  measured  at  a  frequency  of  10  kc.  K  -  E2^q4. 


Muscle  resistance  vae  measured  with  a  special  apparatus  constructed 
on  the  principle’ of  hr idge  c'licults.  The  j apparatus  was  B^nufactured  in 
the  workshop  of  the  hioiihyBids  depsuriaDe^h^  Mbscb'w  University  and  con¬ 
sisted  of  a  measiming  bridge  and  a  sinusoidal  voltage,  generator,  to  power 
it.  The  frequenby  hand  of  the  generator  ranged  from  25  c.  to  1  meg.  The 
genefatbr  ¥ttl)i.ly  The  measuring  bridge  inc^^ed 

twcrflxed  high-etaijiiity  resistors  with  three  and  six  commutator  and 

standard  boxes;  ,  a  resistance  box  li^aB-48  and  two  capacitor  boxes  ME -3  and 
MB-6.  The  . tangential  eieciro^es  of  the  measuring  chamber  ■Were  attache  to 
one  of  tl»  arms  of  the  bridge,  tee  apparatus  contained  two  separate  brldsos 
mounted  on  a  single  panel  to  measmre  resistance  at  high  and  low' frequencies. 
These  were  connected  to  the  measuring  circuit  by  a  toggle  switch.  A  reso¬ 
nance  circuit  installed  at  the  outlet  of  the  bridge  was  fastened  to  the 
panel.  The  generator  was 'cOmected  to  the  bridge  through  a  decoupling 
traneformef,.which  "was  also ’mounted  bn  the  general  panel.  An  EO-7  cathooe 
oscillo^aph  was  used  as  the  zero  Indicator  of  the  meaaur.ing  bridge. 

.  Measurement  erroT  did  not  exceed  1^.  Muscle  resistance  was  measured  at 
frequencies  of  0.2,  2,  10,  .20,  10  c;,  and  1  meg;  to  deteimiine  the  frequency 

relationship.- •  -  .  '  ■  ' : 

'  Muscles  were  placed'  at  the  tangential  platinum  electrodes  in  a 
moist  chamber  'made  of  plexiglass .  jfeasurements  of  "the  muscles  immersed  in 
formalin  (4  aiid  solutions)  were  made  every  da^  durlpg  the  first  month 
of  experlmeh'tatibn  and  per iodlCally  during  the  second  month.  We  performed 
a  total  of  six  series  pf  experiments.:  Jn  the  first  ttoee  series  we  studied 
'■the  relationship  between  magnitude  of,  resistance  and  frequency  at  frequencies 
ranging  from  0.2  to;  20  kc.  100  experiments  on  crab,  8o  on  mussel,  And  80 
on  oyster  muscles) .  (These  experiments  were  performed  at  the  Sevastopol' 
Biological  Station  of  the  Acadeniy  of  Sciences  USSR .  Measurements  were 
iiade  ■with  a  bridge  supplieds  by  a  3G-10  •transformer.  Resistance  box  E-l4.) 

In  the  second  three  sek*ies  the  investigation  was  conducted  at  the  higher 
frequencies — from  0.2  kc  to  1  meg. — and  the  polarization  coefficient  K 
computed..  There  were  170  experiments  all  told  (100  on  crab,  40  on  mussel, 
and  30  on  oyster  muscles) . 

.  A  comparison  of  the.  res.'ul'bs  of  all  "the  experintents  shows  that  the 
muscles  retained  their  polarization  capacity  throughout  the  experiment, 
l.e.,  more  than  2  months following  prolonged  imtnefsion  in  4  and  8^ 
formalin.  The  polarization  coefficient  usually  diminished  by  the  end  of 
the  second  month.  The’  following  table  gives  the  , changes  in  polarization 
coefficient  of  crab,  mussel,  and  oyster  muscles  treated  with  4^S  formalin 
solution.  i  '  . 
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Changes  in  the  Polarization  Coefficient  of  i^uscles  Following 
:  o  Prolonged  iiitaersion  in  ^^  Fpritialln 


Ko .  of  series 
and  object 


Ho.'  of 
experi 
ment 


■  Polarization  coefficient 

}  ffter  iianierBion  in  formalin 
original  I  after  ^  after  after  j  afof,.!:’ 

12  days  5  days  1  month  2  'mont 


2.7 
2.6 
2,75 
2.85 
2.55 
2.9 

2.8 
2.6 
2.65 
2.7 


2.6 

2.85  ; 

2.85 

2.4 

2.7 

2.9 

2.6 

2.8 

2.8 

2.85 

.2/9 

2.8 

2.5 " 

2.7 

’  3.1 

2.9 : 

2.9 

2  95 

2.7 

2.85 

3.05 

2.5 

2.85 

2.85 

2.7 

2.8 

2.65 

3.1 

3.4 

2.62 

2.83 

3.02 

2.4 

2.4 

2-4 

2.2 

2.3 

2.4 

2.4 

2.5 

2.5 

2.3 

2.3 

2.1 

2.3 

2.3 

2.0 

2.0 

2.0 

2i2 

2.5 

2.5 

2.1 

2.7 

2.5 

2.2 

2.5 

2.5 

2.5 

2.8 

2.6 

2.7 

It  is  evident  from  the  table  that  crab  muscle  had  the  largest  orisina.l 
polarization' coefficient  and  oyster  muscle  the  least.  During  Immersion  of 
orab  muiscle  in  U  ar^  8^  formalin  solutions  the  polarization  coefficient  da- 
■ireased  slightly  iat  first  (a:  decrease  ms  noted  in  7P^  ot  the  pases),  but 
then  increased.  An  increase  vas  not  noted  in  all  the  experla©rits  and  .  ; 
usually  af  ter  two  months  it  was  again  followed  by  a  decrease  *  The  number 
of  experiments  in  which  a  decrease  in  the  coefficient  occurred  during, the 
formalinlzation  process  was  substantially  less  for  mussel  and  oyster muscles. 
Thus,  a  decreaBe  in  polarization  coefficient  of  mussel  and  oyster  muscles 
on  the  third  day  of  .immersion  in  formalih  was  observed  in  and  205^  of 
the  experiments ,  respectively .  However ,  these  changes  were  insignificant . 

The  table  presents  the  results  of  30  experiments.  ,T^  ver'> 

the  sane  in  the  other  experiments.  The  difference  lies  only  in  the  abso^.-ba 
■rvalues  of  the  magnitudes  of  resistance  and  the  polarization  coefficient, 
which  apparently  depend  to  a  large  degree  on  the  physiologic  state  of  the 
object  and  the  conditions  under  which  it  is  bept.  ;  .  ,  v 

The  high  value  of  the  polarization  coefficient  of -sraD,  mussel,  and 
oyster  muscles  after "  prblonged  immersion  in  formalin  suggests  that  the 
polarization  structure  df  these  muscles  is.  preserved  after  they, are  treated 
with  f  ormalin.  This  bonclusion  is  also  supported  by  the  results  of  d®'tezmin> 
ing  the  entire  curve  of  resistance  changes  at  frequencies  ranging  from 
0..2'^bC.' tO'l-meg. 

The  figure' shows  the'  relationship  to  frequency  of  crab  and  mussel 
muscles  before  formalinlzation  and  on  the  sixth  day  of  their  immersion  in 
4^  formalih  solution.  :  It  is  evident  from  the"  curve  that  the  decreased  re- 
alstance  following  increased  frequency  in  foimalinized  muscles  Is  similar 
to  that  in  the  controls.  The  difference  between  the  two  is  simply  that  the 
absolute  Value  of  resistance  is  scmewhat  less  in  the  foimalinizedmuscles. 
Gomparable  results  were  obtained  in  the  other  series. 

?  Ve  may  conclude  from  a  comparison  of  the  data  that  formalin  fixes  ths 
structure  of  muscle  tissue  that  determines  electric  polarization.  Moreover, 
this  polarization  structure  is  preserved  after  fomBllnlzation  of  muscles 
differing  in  origin,  histological  structure,  and  ftmctfenal  properties.  ; 

The  difference  determined  experimentally  in  changes  of  polarization  co¬ 
efficient  values  between  crab  muscle  on  the  one  hand  and  mussel  and  oyster 
muscles  on  the  other  Is  a  valid  basis  for  assuqting' some  difference  in  the 
physlocochefflical  properties  of  the  structure  that .determines  the  polarization 
of  these  two  groups  of  muscles .  This  difference  is  apparently  due  to  tho 
different  concentration  and  condition  of  the  ions  in  muscular  tissue .  This 
fact  has  been  reported  in  the  literature  (Aladzhalova,  1950,  1956) . 

In  cohcluslon, ' I  should  like  to  thank  the  directors  of  the  Sevastopol* 
Biological  Station  of  the  Academy  of  Sciences  USSE  for  the  facilities  and 
materials  they  placed  at  my  disposal  for  this  research. 
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Findings  ^  ^  ■'■ 

■  1.  P.n  irivestigatlon  vas  made  of  the  polarization  properties  of  ^  : 

certiain  laarine  ani]2Bls-*-crab  (CarclnuB  isaarias) ;  iiiussel  edu3.1s)> 

and  oyster  (Ostrea  tatifica) --after  treatment  with  A  and  d$  forinalin  solu- 
tions.' 

2,  It  was  estahlished  that  the  relationship  between  magnitude  pf 
resistance  of  crab,  mussel,  and  oyster  muscles  and  frequency  is  reta-ined 
after  prolonged' immersion  in  formalin.  ■ 

■  3.  The  resiatant  data  justify  the  conclusion  that  formalin  is 
capable  of  fixing  the  physiocochemlcal  structure  that  provides  the  polariza¬ 
tion  properties  of  muscles  with  different  functional  characteristics  and  a 
different  histological  formation. 
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TRAKSMISSIQN  OF  EXCITATION  JN-Tm  GIANT  AXON  OF  THE  SQUID 
.'y^mneitoatreiiheB  SlQonelrpa^ 

/paf»s  665-6737  '  A.  A.  ibv,  N/  N.  Nifef’skiy/  D-  !-•  Bozental*  ^ 

■■  'and' Ye'.  A.  Shapiro  ; 

Lahoiatory  of  Cellvaar  Physiology,  InstU^ 

of  the  Acaden^  of  Sciences  USSK,  Leningrad  ‘ 

We  showed  in  an  earll©f  ^ticle  (LeV,‘ Bozentdl' ,  and 
Shapiro,  1959)  that  the  felatioiiBhlp  hetWeen  magnitude  of  local  elec tiio- 
response  and  Intensity  of  irritation  in  the  giant  axon  of  the  squid  is  ' 
gradual  in  nature  snd  graphically  SiQpreseed  hy  ah  ’ 

showed  that  after  deterioration  of  the  functioiial  state  following  survl'\^' 
of  the  flher  in  a  moist  chamber  the  S -shaped  cdrves  tend  tofslOE^  tore 
toward  the  axis  of  ahsciasas.  The  relntionship  thus  estatlishdd  'between; 
atrength  of  irrltation  And  tognltude  of  reacts  complete  agreement 

with  the  principles  of  the  gfadml  theory  of  excitation  developed  ty 

;o.-.N-- Nasonov., (1959)^.■. '7' .,r’  : 

The  pattern  of  conductioh  of  nerve  impulses, aloiig  eletontary  parte 
of  the  fiber  emerges  from  the  gradual  rSiations  between  the  magnitudes  of 
liTitation  and  reSpphse  characteristic  of  the  fiber.  After  Weak  sublimihal 
irritation  the  impulse  traye3.s  along  the  fiber,  decreases,  and  at  some  dls- 
tahce  from  the  site  of  irritation  disappears  (decrementa;!  .conductibn  of  ex¬ 
citation) .  After  supraliminal  i^iiAtipn  the  Impulse'  spreads  and  grows  / 
mtil  it  attains  a  constant  magnitude.  jBeforethip  happens  the  response 
will  decrease  if  the  tissue  is  Irritated  by  Stlmuli'.that  elicit  a' response 
exceeding  the  traveling  spike  in  magnitude.  Thus,  incremental  or  decremental 
conduction  of  a  Stimulus  may  be  observed  near. the  site  of  irritation  if 
the  stimulus  is  supraliminal.  It  will  be  transmitted  further  with  unchanged 
amplitude  only  at  some  distance  from  the  site  of  stimolation  once  it  has 
attained  a  controlled  magnitude,  .This  is  the  nature  of  coiaduction  as 
assumed  by  the  gradual  theory  of  excitation  f dr  a  'normally  functioning  con¬ 
ducting  fiber.. '„:7, .77'"'' V  77  '  7  "7  :\7  ,  .':7  . 

Deterioration  of  the  functional  state  causes  changds  in  the  quanti¬ 
tative  relationship  between  intensity  of  irfitat ion  and  taa^itude  of 
electric  response.  At  first  ths^re  is  a  decrease  in  amplitude  of  the 
controlled  iB^ulse  arid  an  increase  in  threshold  of  tbd,  local  response. 

This  is  followed  by  disappearance  of  the  capacity  fdf  noMecfeiiiBtttal^ '  r  7 
conduction  and  the  tie Sue  responds  tn  any  Irritation  Solel;^  by  deCrementally 
spreading  excitation.  „'7..,  <"  .,7'  ',,.7..,, 77  , 7 ;  ,,7." 7 

A  nimiber  of7 facts  support  the  principles  df  condUctidn  suggested 
by  the  gradual  .theoiyi  Almost  all  the  investigators  ^  Subliminal  local 
response  have  obServed  deoremental  conduction  (Hodgkin,  1938j  Schmitt  and 
Schmitt,  1940;  Eosenbluth  and  TLuco,  i9$0;  Stfimpfli,  1952) .  The  spatial 
decrement  of  excitation  Caused  by  strong'/supralitiinal  stimuli  wad  Studied 
by  M7S,  Averbakh  and  D.  N.;  NaSonov  (1950)  on  the  frog  sciatic  nerve.' 

Similar  data  are  Cited  in' the ' article  of  Schmitt  and  Schmitt  (l94o) .  This 

papor  contains  eVlflonce  ,  of  B;,?&tlal7lnc:!i'e;aiont  0.?  feicitation'.' 
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Thft  nature  of  impulse  conduction  in  the  anesthetized  nerve  lias  loi.:g 
oeen  a  matter  of  dispute,  D,  N.  Nasonov  and  D.  L.  Eozental'  (1952)  re¬ 
corded  action  curcents  on  the  oscillograph,  observing  the  shift  from  non - 
decremental  conduction  to  decremental  conduction  in  the  case  of  frog 
sciatic  nerve  totally  anesthetized  by  the  fumes  pf  alcohol,  ether,  chloro¬ 
form,  or  ammonia.  We  shall  analyze  the  reasons  for  the  contradictions  in 
all  the  early  data  on  the  cohdution  of  impulses  in  the  anesthetized  nerve. 

It  viU  be  noted  that  experimental  evidence  in  support  of  the  princi¬ 
ples  of  conduction  postulated  by  the  gradual  theory  is  not  of  eqval  value. 
Decremental  conduction  of  subliminal  excitation  has  been  Investigated  fair*;' 
fully  vhile  spatial  increment  has  scarcely  been  studied.  Decrement  follow¬ 
ing  supraliminal  excitation  arid  the  transition  from  nondecrehental  conduct  ion 
to  decremental  conduction  have  been  Investigated  only  on  the  whole  nerve 
trunk.  We  therefore  deemed;  it  necessary  in  this  paper  to ^verify  cearfcain 
principles  governing  the  conduction  of  impulses  in  the  giant  axon  of  the 
yquid  /ommatostrephes  Sloonei-pacif icus  (Steehstrupl/ « 

The  basic  procedures  in  working  with  the  single  giant  axon  of  the 
liquid  are  described  in  a  separate  paper  (Ley,  Wikol’skly,  Eozental’,  Svinkin, 
and  Shapiro,  1959) .  An  isolated  fiber  was  placed  in  a  moist  chamber  on  a 
.grid  of  platinum  electrodes  spaced  1.5  to  3  mm.  apart.  Irritation  was 
affected  with  square  pulses  of  100  microsecond  duration  and  25  d.  frequency. 
The  action  potentials  were  led  off  with  two  pairs  of  electr6des  helped  by 
a  two-channel  amplifier  with  balanced  input.  A  two-gun  cathode -ray  oscillo¬ 
graph  with  photo  attachBient  was  used  for  recording  purposes.  Each  exposure 
lasted  6.3  to  0.5  sec.,  i.e.-j  7  to  12  ruh-dewns  of  th©  be^  were  fixed  for 

oach  frame.  \  o\ 

The  experiments  were  performed  at  room  temperature  (19  to  21  ) . 

The  nature  of  Sonductibn  in  Fibers  Functioning  Normally 

...  “'iilie  potentials  were  led  off  after  irritation  of  the  nerve  with  stlmu. 
of  varying  intensity,  beginning  with  weak  or  subliminal  ones.  The  oscillo¬ 
grams  in  Figure  IB  (frames  13,  It,  15)  show  that  after  irritation  of  sub¬ 
liminal  force  (0.i5t,  0.l8t,  0.212  v.)  there  was  a  response  only  Under  the 
near  electrode  of  the  first  pair,  the  magnitude  growing  with  intensification 
of  the  stimulus.  Thus,  after  subliminal  irritation  the  electric  response 
arising  under  the  cathode  spread  for  several  mlillmeters  and  became 
attenuated  somewhere  between  the  first  and  second  electrodee  of  the  near 
pair.  This  was  the  picture  observed  in  mOst  of  thO  experiments.  However, 
it  was  sometimes  possible  to  catch  the  mcment  when  the  excitation  reached 
the  second  electrode  'of  the  first  pair,  becoming  atteiiUated  somewhere  be¬ 
tween  the  near  and  distant  pairs  of  electrodes .  In  this  case  the  screen  of 
the  oscillograph  showed  a  biphasic  response  recorded  only  by  the  near, 
dectrodes  (Figure  IB,  frames  16  and  I?).  The  presence  Of  a  biphasic  response 
reveals  the  shift  of  a  limited  area  of  negativity  along  the  fiber,  i.e., 
it  suggests  that  decremental  conduction  of  excitation  is  effected  by  the 
same  mechanism  as  the  conduction  of  a  regulated  wave.  Hodgkin  (1938)  was 
inclined  to  adopt  this  visor  on  the  grounds  that  a  subliminal  local  respoaiso 
spreads  further  than  an  slectrotcnlo  potential. 
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SuTseequeiit  intensification  of  the  stimulus  causes  the  wave  of  excita¬ 
tion  to  tieiich  the  second  pai3?  of  electrodes  ,  (Fieupe  lB>  frame  lo)*  (Inten- 
gifichtibn  for  the  potentials  led  off  from  the  near  and  distant  electrc^eg 
-was  different-  Hence  their  amplitudes  cannot- he  compared-)  r;  •  :  ;  ; 

'  I’igure  1C  shows  oscillograms  of  a  Similar  experiment^  Here,  vhen 
the  ifritatibn  was  intensified,  there  -was  also  an  increased  response  in 
the  afea  of  the  near  electrode  and  then  a  shift  of  the  local  respoi^e  "to  , 
t  he  spreaidihg  spike .  Moreover >  fluctuations  in  the ; magnitude  of  response , 

■were  lieted  -under  the  hear  electrodes,  whereas  the  response  in  the  area  of 
the  disttot  electrodes  teid  a  constant  magnitude.  Wi-th  irritation  of  ? 
!-.hreshbld  intensity  a  suhlhainal  reaction  and  fluctuating  spike  (Fig^e  2fc, 
tVames '30  and  31)  are  frequently  recorded  in  one  frame-  Ihe  psc^^^^ 
in  magnitude  of  spike  can  he  explained  hy  fluctuations  in  excltahllity,  a 
-we  pbinted  but  in  an  earlier  report  (Lev,  Hikol'ekly,,I?ozental’,  and  Shap-iro^ 
P59)  •  It  should  he  stressed  that  this  picture  is  ohserved  under  the 
slectrode  of  the  first  pair,  less  commonly  under  the  second  elec-tr ode,  and 
Least  of  aii  or  never ^^^a  the  far  electrodes  (second  2e~lr)  - Ve  sep,  there  - 
.^ore,  -that  the  cons-tant  magnitude  of  the  spike  is  determined  pi^y  at  sp®®  . 

distance  from  the  cathode.  .  j.  j.,  -1 

■  let  us  analyzS  in  more  detail  the  oscillograms  of -action  potentials 
foilbwing  threshold  Irritation.  Figure  2A,  frames  ^3  :and  34,  and  Fig^e 
show 'oacillbgramB  which  indicate  that  when  the  magnitude  of  response  foum 
in  the  area  bf  the  distant  electrodes  and  under  the  second  electrode  of  th® 
near  pair  is  constant,  a  response  of  different  magnitude  is  recorded  voider 
•bhe  first  electrode  of  this  pair.  V7e  stress  the  fact  that  we  are  deallni^ 
here  hot  with  a  Suhllminal  response  that  hScomes  attenuated  at  some 
distance  from  thb  cathode,  hut  with  an  action  potential  spreading  over  the 
entire  length  of  the  fiber,  m  this  case  the  presence  of  a  different 
;  9Bponse  under  the  first  electrode  With  constant  amplitude -of  the  secpnd  phase 
can  ha 'Understood  only  as  incremental  momentum  of  the  spike . . ?  (As  mentioned 
ahove.^the  fluctuation  in  excitahillty  is  the  most-prohahle  pause  of  the 
osclllatibn  In'  magnitude  of  the  spike .  Thus ,  insignif  icant . gradations  ip. 
bhe  felati-ve  foirce  of  the  stlmulvis  caused  by  fluctuations  in  excitahillty 
lead  to  changes  in  the  magnitude  of  the  response  >  which  is  revealed  with 
axceptibnal  Clarity  after  irritation  of  -tdireshold  force.) 

-'‘It -follows  from  the  gradual  theory  that  the  shorter  the  3-shaped 
magnitude  bf  reepdhSe- intensity  of  Irritation  curve,  the  narro-wer^  iS  the  . 
area  of  Cuprallmlnal  force  of  irritation  at  which  a;  response  may;  develop - 
above' the  threshold,  but  below  the  maximum,  i.e.,  the  area  pf  incremental 
momentum.  We  have  shown  that  an  S -shaped- curve  is  steep  for  fibers  in  a  good 
f  unctipnal  's-fcate  (Lev,  Nikol*skiy,  Eozental*.,  -and  Shapiro >1959)  The  in- 

cremen-lkl  momentum  of  the  spike  may  be  observed  in  this  case  with  very  small 
shifts  in  the  force  cf  irritation  frdm  the  threshold  value  due  to  fluctua¬ 
tion  in  excitability.  An  example  of  this  spatial  Increment  cf  excitation 
is  shown  in  the  oscillograms  of  Figure  2A  (frames  33  and  3^)  and  Figure  ® 
('frame  7)  •  4'i'tb  increased  force  of  irritation  a  iconstant  magnitude  of  . the 
traveling*  impulse  is  led  off  imdce  all  fom-  eleotrodee  (Figirre  PA,  frame  32)- 
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'  Ve  constructed  a  graph  to  illustrate  the  phenomena  of  incrementa.’. 
aiid  decremental  condubtioh  of  responses.  The  magnitude  of  the  reeponse 
under  the  first  aiid  second  electrodes  of  the  first  pair  vas  computed^aB^ 
a  percent  of  the' maximum  possihle  response  under  the  particular  electrode. 
Thebe  values  vere  laid  off  along  the  axis  oi*  ordinates,  while  the  distanca-a 
in  millimeters  from  the  cathode  were  laid  off  along  the  axis  of  ahsciasas. 
Figure  3  Bhovs  the  graphs  dravn  on  the  hasis  of  two  experiments,  oince  .  x.  > 
graphs  have  only  two  experimental  points  each,  they  were  connected  by  a 
fibraight  line  to  show  the  direction  of  change  in  magnitude  of  the  respo^e. 
However,  we  m^t  assume  cai  the  basis  of  theoretical  considerations  tha 
changes  in  the  magnitude  of  spreading  reaction  along  the  length  of  the  ^ 
(onductor  aire  dependent  not  on  a  square,  but  on  another,  probably  exponent,  u 

relationship.''  •  ■  ^ 'i - 

Decrenental  conduction  of  a  subliminal  response  was  observed  in  4  ^ 

cases,  incremental  momentum  of  the  spike  in  30  cases.  ;  ir 

Changes  in  the  Nature  of  Conduction  Following  Survival  of  the  Fiber  .to_a 
Moist  Chamber. 

isolated  axon  may  retain  excitability  when  kept  in  a  moist  chamber 
6-7  hours.  Excitability  and  magnitude  of  response  often  change  only  toward 
the  end  of  this  period,  remaining5-6  hours  virtually  at  the  same  level.  la 
some  experiments  we  noted  a  sudden  disappearance  of  conduction  all  along 
the  conductor,  but  in  most  cases  conduction  disappeared  In  the  area  under 
the  distant  electrodes  while  a  response  was  being  recorded  at  the  rear 
pair.  This  cOuid  be  interpreted  as  decremental  conduction  of  excitation. 

To  prove  that  we  were  not  dealing  here  with  partial  necrosis  of 
individual  segments  of  the  fiber,  we  set  up  three  experiments  in  which  the 
lead  electrodes  were  left  at  the  same  place  while  the  position  of  the 
Irritating  electrodes  was  changed.  If  there  were  a  genuine  tecremenljof 
conduction,  the  Esagnitude  of  response  would  have  to  decrease  in  propor¬ 
tion  to  the  distance  of  the  Irritating  electrodes  from  the  lead  electrodos . 
Figure  U  Shows  the  oscillograms  of  one  of  the  experiments  and  the  resu...tano 
graph  of  Changes  in' magnitude  of  response  in  relation  to  the  distance 
between  electrodes.  The  distance'  in  millimeters  between  the  cathode  and 
lead  electrodes  is  laid  off  along  the 'axis  of  abscissas  while  the  magni¬ 
tude  of  response  is  laid  off  along  the  axis  of  ordinates.  It  is  evidenc 
from  the  f  igtire  ■that  the  closer  the  irritating  electrodes  OTe  to  t^ 
lead  eleCtrbdes,  the  greater  is  the  magnitude  of  response,  both  under  tae 
first  (curve  I)  and  under  the  second  (curve  H)  electrodes.  When  'the 
irri'tatlng  electrodes  were  drawn  back  9-9  nni-  ,  the  response  was  recorded 
floly  under  the  first  electrode,  i;e. ,  . conduct ion  became  extinguished  in 
the  area  between  the  first  and  Second  elec-brodes.  -  i 

This  relationship  of  magnitude  of  reaction  to  distance  between  • 
Irritating  and  lead  electrodes  indicates  that  decremental  conduction  of 
exci'tation  follows  deterioration  of  the  functional  s'tate  of  the  fioer. 


Conclusion  ‘ 

This  report  has  presented  data  on  spatial  conduction  of  inpulses 
in  a  single  nerve'fiher  of  the  sguid.  The  decremental  conduction  of 
excitation  observed  after  irritation  of  suhllminal  force  fully  accords 
Vi th  data  in  the  literature.  £  ^  . 

The  increment  of ;  conduction  that  emerges  from  the  gradual  theory  anci 
vhich  contradicts  the  vievs  of  those  vho  support  the  law  of  ”-11  or 
nothing"  has  still  not  been  specifically  investigated.  Thus^  it  seems 
particularly  worthwhile  to  us  to  establish  the  fact  of  incremental  growth 
of  excitation  in  connection  with  irritation  of  subliminal  force. 

Data  on  decremental  conduction  of  excitation  in  a  single  fiber  sur¬ 
viving  in  a  moist  chamber  confirm  the  findings  of  D.  K.  Kasonov  and 
D.  L.  Eozental*  (1952)  on  the  anesthetized  frog  sciatic  nerve.  The  dec:, 
ment  in  Impulses  after  deterioration  of  the  functional  state  in  a  single 
nerve  fiber  excludes  the  possibility  of  explaining  the  results  for  the 
entire  nerve  trunk  by  statistical  summation  of  the  activity  of  Individu:  . 
fibers , 

It  follows,  therefore,  that  the  principles  of  conduction  postulated 
by  Nasonov’s  gradual  theory  of  excitation  reflect  the  actual  way  in  whicii 
nerve  impulses  are  transmitted. 
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SEASOMAL  CBANGES  IN  THE  EESISTAUCE  OF.  PLAHT  CELLS  TO  • 

THE  ACTION  OF  VAEIOUS.  AGENTS  : 

^Ages ' 6t2-6^7  ^  -V.  Ya  AlelcBandrov,  M.  I.  Lyutova  and 

"■  -  ',N.:Lv  Pel’dman  ■ 

.  ;  .  ■  '  Botanical 'Institute  luenl  V.  L.  Komarov 

'  ‘  of  the  Academy  of  Sciences  USSR  and 

.  Institute  of  Cytology  of  the  Academy  of 
'  ■  '  Sciences  USSR,  Leningrad 

■  iln  earlier  papers  (Aleksandrov,  1956;  Aleksandrov  and  Fel'dman,  1956. « 
lyutova,  1958;  Fel'dman,  1959)  we  reported  the  following  fact  after  invei.:- 
tigating  the  leaves  of  several  plants.  '  •  ^  ;  ..  . 

;  -il.  Heating  causes  reversible  alteration  of  cells  in  which  there 
is  a  reactive  increase  in  the  resistance  of  the  protoplasm- -thermal 
^oardeniiig.  Cell  resistance  increases  not  only  to  the  injurious  effect  ol ; : 
heat,  hut  also  to  the  action  of  acetic  acid,  ethyl  alcohol,  and  high  ; • 
;t3ydrostatic  pressu3:« .  The  nonspecificity  of  heightened  resistance  after 
thermal  hardening  is  not  absolute,  e.g.,  it  does  not  increase  resistance 
of  the  ceir  to  ammonia .  The  condition  caused  by  hardening  is  sreverslble 
and  resistance  returns  in  5  to  7  days  almost  to  Its  original  .level. 

■■■2.":  Increased  resistance  to  heat  and  alcohol  vas  noted  in  epidermal 
and  parenchymal  cells  adjacent  to  the  surface  of  a  cut,  lie  ,  in  cells 
subjected 'to- wound  Irritation.  t;-'.  .. 

3-  Certain  winter  grasses  have  heat-resistant  cells.  We  observed 
the  Sar©  phenomenon  in  the  Khibiny  Mountains  In  the  summer  after  a  night 
•frost.  : All  this  led  us  to  start  systematic  observations  of  seasonal  changes 
5n  plant  cell  resistance  to  certain  injurious  influences,  i The  purpose  vas 
to  discover  whether  cold  hardening  of  pleints  under natural  conditions 
results  in  increased  cell  resistance  similar  to  the  resistance  that  we  Inr 
tuced  experimentally  by  heat  hardening.  The  answer  to  this  question  is 
essential  if  we  are  to  understand  the  cytophyslologlcal  mechahiBmsnespo.Ti- 
oible  for  the  fall  hel^tening  of  cold  resistance  in  perennial  plants. 
Although  the  problem  is  of  primary  importance  both  for  the  theory  of  cell 
adaptation' and  for  practical  agric^ture,  it  is  still  very  far  from  being 
solved..  The  extensive  literature’on  the  subject  is  full  of  Contradictioni; ; 
(cf.  Maksimov,  1913-1952;  Tumanov,  1940;  Levitt,  1945,  1956a,  b):.. 

Ob Jeots' and  Methods  Used  in  the  Investigation 

Dactylis  glcmerata  L.,  Elym.'ue  arenarius  L.  >  E .  angustus  Tr in. 
and  Hepatica  nob ills  Schreb  were  the  principal  plants  studied.  The  were  : 
growing  in  an  open  place  bn  the/ grounds  of  the  Botanical  Institute  imeni  . 

V.  L.  Komarov  of  the  Academy  of  Sciences  USSR  in  Leningrad.  In  three  of  theoe 
areas  we  investigated  the  epidermal  cells  of  the  adaxial  surface  of  the 
leaf  sheaths;  in  H.  nob ills  we  investigated  the  epidermal  cells  of  the  abaxlal 
surface  of  the  leaf  blades.  The  action  of  injurious  agents  and  subsequent 
microscopy  were  performed  in  all  cases  not  on  sections  but  on  pieces  cut 
from  the -leaf .  r  '  ' 
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The  plants*  resistance  to  high  tenperature,  high  hydrostatic 
pressure  and  ethyl  alcohol  vas  tested  at  different  tines  in  the  year.  To 
deterraine  resistance  to  heat  and  hl^  hydrostatic  pressure,  hits  of  leave. b 
vere  first  squeezed  into  a  syringe  (Aleksandrov,  195^)  vith  tap  water  end 
then  exposed  to  5  ninutes  Of  the  factors  nentioned  above.  The  pieces  were 
heated  in  tap  water  in  a  themostat  kept  at  a  preset  temperature  of  around 
0.1°C-  (Aleksandrov,  1955).  The  pieces  were  always  transferred  to  the 
thermostat  from  room  temperature.  High  hydrostatic  pressure  was  created 
hy  a  school  hydraulic  press  in  the  chamher  of  a  thick-vailed  steel  cylindo,? 
(Golovina,  1955) .  A  test  tube  with  water  containing  the  objects  being 
investigated  vas  placed-.ih  the  vater • 

After  5  ninutes  of  heating  or  action  of  high  hydrostatic  pressure 
presence  or  absence  of  protoplasm  movement  was  determined  from  the  shift ins 
of  Bpherosomes .  The  resistance  of  the  object  was  shown  by  the  value 
the  TnpivHmim  temperature  or  pressure  after  which  it  was  still  possible  to 
observe  forward  movement  of  the  spherosomes  in  at  least  one  cell  of  the 
piece  of  leaf  .after  10  minutes  of  microscopy.  To  determine  this  value, 
successive  teats  were  made  at  temperature  intervals  of  0.4®  and,  in  experi¬ 
ments  with  pressure,  at  intervals  of  100  atm.  The  resistance  of  cells  to 
ethyl  alcohol  was  deteimined  by  infiltrating  the  pieces  with  a  solution  of 
alcohol  and  tap  water  and  leaving  them  there.  The  pieces  were  periodically 
examined  under  the  microscope.  Resistance  to  alcohol  was  shown  by  the 
amount  of  time  the  protoplasm  continued  to  move  in  an  qlcohol  solution  of  a 
given  concentration. 

Experimental  evaluation  of  the  cold-resistant  parte  of  a  plant  is 
always  tentative  because  the  effect  of  chilling  depends  on  a  variety  of 
circumstances.  The  results  have  shewn  that  the  method  described  .below 
was  completely  adequate  for  a  comparative  evaluation- of  cold  resistance  of 
the  same  objects  in  different  seasons.  The  method  was  as  follows.  Pieces 
of  leaves  were  placed  in  silicone  oil  (VIZh  94a)  and  impregaated  with  it. 
Asahina  (I956)  pointed  out  that  it  is  better  than  paraffin  for  use  in  , 
studying  the  effect  of  low  temperatures  because,  among  other  things,-  thej*- 
scarcely  increase  its  viscosity.  Our  experiments  showed  that  silicone 
oil  is  a  fairly  inert  medium  for  plant  cells,  which  survive  under  a  thin 
film  of  it  Just  as  well  aS  in  tap  -water  changed  dally.  For  example,  .in 
some  experiments  protoplasmic  movement  in  the  epidermal  cells  of 
tradescantia  leaves  Impregnated  with  and  kept  in  silicone  oil  continues 
for  3  months  and  more.  Moreover,  since  it  has  a  higher  refractive  index 
than  water  (1.44  Instead  of  1.33^  laany  objects  can  be  examined  under  the 
microscope  more  easily  when  they  are  in  silicone  oil  than  in  wa-ter. 

For  cooling  we  used  a  microrefrigerator  made  by  the  Institute  of^ 
Seniconductore  of  the  Academy  of  Sciences  USSR  (Figure  l) .  The  device  is. 
a  cylinder  11.5  cm.  high  and  8  cm.  wide.  Inside  is  a  hollow  aluminum 
cylinder  8  cm.  high  and  4  cm.  Wide.  An  insulating  layer  of  foam  plastic 
is  found  between  the  side  of  the  inner  cylinder  and  the  metal  case  of  the 
refrigerator.  A  semiconductor  thermobattery  mounted  on  the  base  of  the 
device  does  the  cooling.  The  device  is  supplied  by  direct  current  and  useo 
about  30  a  with  a  vo.ltago  of  O.'T  -7.  A  selenium  rectifier  is  need  to  feed 


the  nicror^frigeratoS'.  ;  The  hot  dunfction  of  the  theriaohattery  ie  pooled 
hy  fttonlhg  ^ter  v  T^  the  chaciber  of  the,  refrigerator 

is  regulatad  hy  changing  the  eiiirfent  in  the  pover  supply  circuit  with  t^o 
help  of  a  lahofatory  autoifahef oi^  .  •  The  temperature  In  the .  ref rigerator 
char*ernay  he  io-frered  to  -35° .  'With  regulated  water,  current  and  atahi^ir 
zation  of  the  power  supply  the  temperature  can  he'  mintained  at  ^y. 
scrihed'  levels'’' AhOut  half  anyhotir  is  required  to.  lower  room , temperati^e  , 
to  the  mlhirndm;  '  The  *tfarisitibn  from  one  temperature  regime  tc  another  in 
an  opefaitihg  refrigerator  is  much  qulcher,  talcing  only  10  to,  15 
(It  is  biir  pleasant  duty'^to  thanlc  Ye:'  /.iOmenlcov  Director  of 

of  Thermoelectric  CoolingV  Ihstithte  bf  Semiconduct^^^  of  the  fcademy_rf 

Sciences  USSli,  for  'placing  this  mlcrorefrlgerator  at  our  disposal.) ,,  Tho  . 
great  advantages  in  working  Vith  a  ^  semiconductor  refrigerator  as  c^part  ^ 
with  crybhydrlc  mixtures  to  create  low  temperatures,  are  ohviGUs.  .  rihe,; 
device'  "v^e  covered  bn  top  with  a  cork  lld'  containlng  an 'Opening- '  in  the,.  ;  , 

■  center  for  the  therTaoneter.-'-i  vn'..-  --fer  ’.v  _  ■•.noo.U,  t:; 

, ’f 0  perf oirm  the"  experliSehts,  - the  chamber  of  the  refrigerator 
filled  wihh  silicone  oil  and  a  low  temperature  created .  ,fieces,,cf  leaf,;: 

were  priblsed  With  very  fihe' double -edged  needles;  i  After  the  i?- 

device  wqs  raised,  the' 'needles  were  attached  to  the  inner  surfaces  of  the  , 
cover  ih  ’such  a  way  that  the  pieces  came  fn  direct  contact  with  the  i^ci^y 
hulh  of  the  thefmbmeter .  ■  The  cover  was  quickly  put  'into;  its  place .  ;^©, 
pieces  Were  hept  in  the  charibef  ato'a  given  temperature  for  5.  .minutes., 
aftef  Which  they  Were  taken  but  and  . promptly  transferr^  to  ;  the  silicone 
oil'ht"‘rbom  temperature.'  then  determined  the  presence  .or  absence  of 
movbnent  of  the  protbpIasmv  '(lJ  'M.  Klsiyuk  was' very  helpful  to.  us  in  .  ; 

determihihg  obld  resietance,  f  or  which  we  extend  to  .hlm.  our  sinceresb 

Sbme't^  ago  A;  Maksimov  (1913)  pointed  out  that  the  difference 
in-temperaturbs  that  kill  different  cells.:ln  the  same  tissue  jc^y  , 

to  several  degrees^  We  encottotered  the  same  variability  .  In  .our  own 
experiments  and  therefore.'  eyalua ted  cold, resistance  as  follows,.  ; ■J'hree^,* 
pieces  at  a  time'  Were  takeh  from  one  leaf'  for  cooling.  We 
mihihaun  temperatvd'e  af  ter  5  MhUte's  bf  which  cells  in  all  three;  pieces  .... 
were  found  to  have  protbi/iasm' 'Still  moving,  a  As  an  additional  criterion  m 
found  the  maximum' temperature' after  which  the  protoplasm,  of  cells  in  aP?: 
three  pieces  Was  motionless .  Ih  'determing  cold  rbaistance  the  temperatu.ro 
'  to  Which  the  objects  Were  cooled  in  successive  tests  differed  by  .about; ,  : 
one  degree.  Seasonal  curves  of  cold  resistance  derived  from  all  four  Jn 
objects  mentioned  above  with  the  help  of  the  first  criterion  (minimum  ^ 
temperature  ah' Which  the  pfotbplasm  in  all- three  pieces ’Continued  to  move, 
are  virtually  paralleled,  differing  by  2  to  Uo.  Since  we  are  interested, 
solely  in  the  dynamics  of  "changes  in  cold  resistance  at  various  t  itBS  of 
toe  year;  we  slkll  present'  material  that  was,  obtained  with  the  - 

first  briterion.^'' -  o*  ;o. v  ■ 
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The  places  placed  in  water  or  alcohol  solution  were  examined  ^ 

nicroscopically  with  an  aqueous  Immersion,  apochroratic  lens  x7p,  ap.  1.2j. 
In  working  with  silicone  oil  we  used  an  oil  hamereion  x90  ap. ;1.25v 
To  determined  tha  ras  tstancei  of  Bactylis  glomerata.  and  Slymus 
arenhrius  cells,  the  laaterial  Was  taken  from  tlie  same  thickly  oversown 
turf .  The  young  leaves  of  these  grasses  sprout  early  in  the  spring  and 
■'’ema in  throughout  the  siraaer .  By  fall  some  of  then  wither  while  others^  _ 
n^emaln'  ^een  under  the  snow.  The  number  3f  old  leaves  in  which  the^distal 
Tarts  generally  die  off  varies  with  the  nature  of  the  winter.  In  the 
•knter  and  spring.  We  always  used  the  sheathing  portionsof  the  leaves  . 
as  long  as  part  of  the  Blades  remained  alive .  The  overwintered  leaves  _ 
of  H.  nohilis  frequently  shoW  large  necrotic  patches .  A  continuous 
flow  of  protoplasm  takes  place  in  the  summer  ^in  the  epidermal  cells  of  a.:, 
our  plants.  '-In  the  winter  the  flow  does. not  cease,,  it  merely  slows 
down  according  to  the  drop  in  temperature ,  Jn  the  winter  we  did  not  hrin,T 
the  pieces  of  leaves  into  the  laboratory,  hut  placed  them  in  already  j 
chilled  Silicone  Oil  and  studied  them  out-of-doors  under  the  microscope 
after  taking  Steps  to  maintain  the  original  temperature  of  the  ohjects.  r  , 
Tiewing  them  imder  the  microscope  at  -3 we  were  s^^®  that  the  cytoplasm 
of  the  cells  looked  the  same  as  lasual.  We  saw  no  si@M  of  separatloh  of 
the  cytoplasm.  '  The  spherosomes  traveled  very  slowly  along  the  walls  pr 
strands  intersecting  the  vacuolar  area .  The  <artoplasm  of  H.  nohilis  and 
areharius  moved  unusually  slowly'.  ,  When  the  pieces  Were’  taken  into  the 
laboratory,  the  protoplasm  Ih  all  the  plsats  at  once  began  to  mpye  wapid_y 
in  response  to  the  rise  in  temperature ^  Thus, ."forced  dormancy"  directly 
caused  by  low  temperature  takes  place  in  the  epidermal  cells  of  all  four 
species  of  plants  judging  by  the  movement  of  cytoplasm  in  the  winter.  3n 
contrast,  other  species  of  plants  in  the  cells  of  which  the  cytoplasm  moves 
rapidly  in  the  summef  exhibit  in  the  winter  .a  cessation  of .movement  that 
is  unaffected  by  a  rise  in  temperature.' n Cytoplasmic  movement  in  seme  of 
bhese  plants  resumes  only  after  a  more  or  less  prolonged  stay  in  the 
laboratory  (foliar  epidermal  cells  of  Bergenia  cross if pi ia  I. .  Fr itsch, 
Asar^m  eUrbiideum'  L. ,  Achillea  Taillefoliun  L.',  Hesperls  matronolis  L.  ,  , 
and  others).  One  must  therefore  conclvide  from  the  cytoplasmic  movement 
that  the  depth  of  winter  dormney  cf  epidermal  cells  differs  markedly 
from  species  to  species .  We  are  now  making  a  special  study  of.  this  probleo. 
Figures  2  to  12  show  the  data  on 'cell  resistance,  each  point 
ropresentiiig  the  average  of  at  least  three  experiments  performed  on  .d^fer- 
eiA  leaveaw  '■  .,5. /■■■  , 

-Jn  Peaistaric©  of  E*Dlden3al  Cells  in  thfe  SjieatM^ 


Seasonal  Changes  In  the  Besdstance  of  Epldeiml  Cells  in  tlm  ^heatMi^ 

Part  of  Grass  lieaves.  _ 

-Dactylis  glomerata,  rHeat  resistance  of  the  pells  vas  determined 
peribdicaiiy  between  smr  1955  and  spring  .1958.^  Ihe  results  are  shown 
in  Figure  2.  They  reveal  that  from  mid-May  to  mid-September  heat  resistr 
ance  is  minimal  and  ranges  from  41t.O  to  kk,7°.  During  the  latter  part  of 
•September  (1956),  but  a  little  later  in  some  years  (1955)  >  beat  resistanc' 
begins  to  increase,  attaining  ibo  maximum  at  the  eni  of  WovoEbe; :  the 
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noveKsent  of  protpplaeti  ceaSes  orily'vheft  the  teiapefature ,  is  over  1^6° . : 

Hieh  heat  reslstahce  is  mintalhed  imtil  the' end  of It ‘begins  to  • 
drop  fapid^  in  April;  ' reachixig  the  stamer  level  'by  nid-May  In  early  .  ; . 
spriiig  the  sheath' not  ohly  of  last  year's  leaves  hut  also  of  the  new  leaves 
possesses  hi^  heat  rfesistahce.  :  However,  it  decreases  nore  rapidly  in  the 
cells  6f  young  leaves'.'soith&t  early  In  May  there  is  n  suhstantial  differ¬ 
ence  hetween  the  heat  resistance  of  cells  in  the  new  (the  corresponding,  ' 
dots  are  eheircled)  an&.'  the  old  ISaveSv  As  the  leaves : develop,  heat  ye- ;  , 
sistance  again  increases, ‘ and' hy  the  latter  part  of  May  it  reaches  the  r  5 
nornal  suixBr  level' in 'young  leaves.  jry;-!  .'‘.  j  y  ,.  vr 

The  data  in  Fi^  relat'e-  to  heat  resistance  determined  fron  the 
iDaxlinhi  temperature  at  which  movement  can  Stili  he  o'bserved  af  ter  5  minufes 
of  heati^.  '  The'  variation  df  the  protoplasm-temperature  curves  characte  i'iss 
more  fully\the  cell  heat  resistance  (Aleksandrov,  1956) .Figure  3  shows  , 
similar  curves  for  the  eumtaer  (l)  and  winter  (II)  D<*otylis .  The  curve  io 
shifted  to  the  right  in 'accordance  with  the  greater  heat  resistance  of  - 
winter  Dactylis .  However,  the  shape. of  the  curve  and  its  slope,:  which  IB' 
determined  by  the  temperature  coefficient  heat  injvry,  iremin  unchanged. 

Seasonal'  ohanjESSS  lii  resistanfee  to  high  hydrostatic  pressure  coineide 
T^lth  changes  in  heat  resistance  (Figure  4)  The  minimum  reelstance  to  this 
factor  also  occurs  during  the  active  life  of  the  plsnt-  Eeslstance  to 
alcohol  was  bhserved  in  unsystematic  fashion  for  a  year.  The  action  of 
8^  alcohol  was  studied  in  Deceiiiber  1957  Snd  June  1958  and  of  12^  alcohol  in 
June  I956  iand  December  1957.'  It  is 'evident  from  the  ta'ble  that  protoplasnic 
movement  in  winter  plants  in  12^ 'and  8^  alcohol  cdntinues  27.i3  and  7«8  .. 

tires 'longer  t&ri -in hui^r 'plants l 

'  '  Eiybira  arSiisrius  dnd  E.  angustus '  .  '  In  the  grasses  cell  resistance 
to  high  temperature,  intense  hydrostatic  pressure,  :  and  alcohol  changes 
during  the  s’easdri  'JuSb  as  it  does  in  D.  .gldmSrata,  as  shown  in  Figure  5  ■ 

(A  arid  B)  .and  in  Tahle  1*:  „v,yi 

r::'':.';';!'-;';:/ 'Ly  -  .Oy-yy  ::  "'.'Table  ^1  y'f.i'  ni  b-y:/,,  y,..d 

Eesistance  to  Ethyl  Alddhol' by  Epidermal  Cells  of  the 

Leaf  Sheath  vy.  y  ■ 


Species 

Nuiaber  df 
Experiments 

Concentration 
of  alcohol 
(in?J):' 

:  Period 
cdntini 
Min.; 

movement 
les  (in  n  r 

)yyy'  of'  . 

Ratio  of 
periods  ? 

R|||S!|^2 

i'uiaaer  , 

'winter'''’,' 

;•  smianer 

Dactylis 
glomerate  ' 

:-'27"'.: 

/6S;' 

,  i80o 

■■;'27;3'. 

The  same 

9 

9 

8 

2iii 

16020 

■  7 .6 

Elymus 

a.renariuo 

15 

£’4 

1 

12 

Lfti:--  • 

38 

I 

1 

561+0 

1 

i 

lt»8.J4 

For  our  nain  investigation  of  these  three  grasses  ve  used  the 
. -pidemis  of  the  leaf  sheath  and  hot  the  hlade  hecause  the  intravital 
i  tructure  of  epidemal  cells  is  aore  clearly  visihle  sheath^tMn 

j.n  the  blade.  Individual  experlaents  shewed,  however,  that  epiderml  cell 
m  the  blades  becaae  nore  resistant,  by  winter  .  For  exanple , 

August  the  heat  resistance  of  these  cells  in  E .  aren^ius  v^s  43.2^,  while 
resistance  to  high  hydrostatic  pressure  was  1100  atnopheres^ (average 

Llexperinents) .  Other  values  were  obtained  at  the  end  of  October—  44.5,, 

and  1300  atn.,  respectively  (average  of  .9  experlnents) .  . 

Hence  we  nay  conclude  that  at  the  beginning  of  fall  the  foliar  , 
opiderml  cells  of  !).■  glonerata,  E  .  arenarlM,  and  E^^ust^ 
f'harply'  increased  resistance,  to  high  tenperature^  high  hydroetatp^pressu. , 
and  ethyl  alcohol.  This  heightened  resistance  renalns  throughout  the  win >  ; 

It  dinihishes  in'  the  spring  and  by  nid-May  returns  to  td©  s\iEner  level.  _ 

Ihe  Relationship  Between  Heightened  Grass  Cell  Resistance  in  the  Fall  ;  ^ 

‘  The  question  naturally  arises  as  to.  the  cause  of  the  general  Increase 

-;n  ceil  resistance  in  the  fall;  Is  it  the  direct  result  of  the  drop  ^ 
tenperature?  Shortening  of  the  day?  Deyelopnental  phase,  of  the  plant?  .  we 
.an  the  following  experirients  in  an  effort  to  answer  the  question.  ^  ^ 

'  Early  in  May  1957  we  planted  .D.  gloiaerata  in  several  dozen  clay  pots 
;'n  the  open  flower  beds.  On  3  Septeriber  half  of  the  pots  were  noved  into^ 
the  greenhouse  where  the  tenperature  was  mintained  at  8  to  10  throughout 
the  winter.  The  other  pots  Were  left  outside;  >  :  . 

From  July  1957  to  June  I958  we  determined  the  resistance  of  tne 
opldercal’ cells  of  the  leaf  sheath  in  both  groups  of  plants  to  elevated 
oenpefature  and  to  high  hydrostatic  pressure  (Figures  6  and  7|.  Heat  re¬ 
sistance  in  July  1957  was  about  44°. . (After,  some  of  the  plants  were^moved 
^^to  the  greenhouse,  the  resistance  shown  by  both  groups  remained  at  th© 
uomer  level  for  2  weeks.  Early  in  October  it  began  to  increase  in  both 
roups,  but  quickly  stopped  in  the  greenhouse  plants  while  continuing  in  ^ 

4e  outdoor  plants  until  it  reached  the  usual  winter  level.  By  mid-lfey  ooe 
;:ieat  resistance  of  the  outdoor  plants  decreased,  remaining  thereafter  at 

the  low  simmer  level.  ......  "V 

The  pattern  of  cell  resistance  to  hl^  hydrostatic  pressure  (Figur .  ;; 
proved  fo  be  exactly  the  seme'^  -^  in  tli©  greenhouse  exhibited  onlr 
Blight  increased  resistance,  whereas  in  those  left  in  the  flower  heds  the 
"■'alue  of  the  maximum  pressure  at  which  the  protoplasm  continued  to  move 
^ter  5  minutes  of  action  rose  from  1100  to  1500  aim.  By  mid-May  resijbance 
dlrdpped  to  the  summer  level  and  then  remained’ there  with  only  trivial 
tuations.  This  pattern  in  the  greenhouse  plants  was  broken  by  a  jump  In '  ^ 

the  resistance  to  pressure  noted  20  January  1958.  This  may  have  been  causea, 
however,  by  the  marked  drop  in  greenhouse  temperature  when  the  heating  equip - 
s®nt  went  out  of  order. 
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Thus,  a  conparison  of  the  seasonal  changes  in  cell  resistance  to 
elevated  tenperature  and  liigh  hydrostatic  pressure  hy  plants  that  over¬ 
wintered  in  the  open  and  in  the  greenhouse  shows  that  the  nonspecific 
resistance  noted  in  ferdsses  in  the'fall  is  largely  due  to  the  direct 
effect  of  low  tenperature.  ...However, , the  slight  rise  in  r^ 
occasioned  hy  other  factors  that  still  await  elucidation. 

The  foiiowing  experlnerits  also  testify  to  ithe  ahllity  of  grass  cel3.E 
to  reaU  th  Cold  with  a  heightening  of  general  resistance.  D,  glonerata 
grown  in  pots  was  placed'  in  a  refrigerator  and  kept  there  at  different 
temperatures  (from  2.0  to  A. 0°)  for  9  to  l8  hours.;  Cell  resistance  "fco 
high  temperature  and  high  lydrostatic  pressure  was  conpared  before  and 
after  .chillingi  -  We  discovered  that  a  single  chilling  scarcely  changed  t; 
heat  resistance.  Ihe  average ^ increase  in  resistance  was  0.15^  in  33  exp  ■ 
nents.  The  saiB  ne^tive  result  was  shown  in  I5  experiments  on  reslstanoo 
to  pressure.  The  chilled  plants  Increased  their  resistance  on  the  avera.^::.>- 
hy  33  a#.  We  modified  the  design  of  the  experiments  to 'tike  cognizance 
of  the  data  of  0. W  Zalenskiy  (1955)  and'M.  M.  Tyurina  (1957)  on  the-eia’* 
nificance  of  photosynthesis  in  the  hardening  of  plants  subjected  to  rieht 
freezing.  Plants  were  placed  in  a  re^riecratOT  in  the  evening  arid  returhel 
in  the  morning  to  the  flower  hedj  the  next  evening  they  were  .again  placed 
in  the  refrigerator  until  horning  and  resistance  was  determined  after  thCy 
were  kept  in  the  light  5-6  hours  fqllpwir^  the  second  chilling.  The  data 
were  compared  with  th®  results  of  the  determination  made  hefpre  the  rlrst 
chilling;  Table  2  shows  that  the  double  .chilling  raised  cell  .resistance., 
to  elected  tenperature  and  to  high  hydrostatic  pressure' in  all  the  experi¬ 
ments.;  -This  effect  was  noted  both  in  the  suinner  in  plants  growing  putdoors 
and  in  the  late  fall  and  early 'spring  In  plants  taken  from  the  greenhouse.' 
Heightened  cell  resistance,  was  observed  even  when  a  substantial  ,parl;_  of 
the  leaf  blade  was  nipped  by  the  double  chilling. 


'-.Tatle  .2  ,  -  , 

Effect  of  Dbublfe  Chilling  on  the  Eesistance  of  Epidermal 
’  Cells  in  the  Sheathing  Part  of ;  Dactylis  glomerata  Leaves 
to  High"  Temperature  and  High  B^drostatic  Pressure 
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Coxmed'tlon  .-Betyeen  Incro^sed  GsnQral  E.eslsta.pce  of  toass  Cells 
and  Frost  Hardening  f  . 

,  r^hus,  .grasses  exhibit  increased  cell  reslstahC^  ta^^^^  tbmperaturo, 
high  hydrostatic  pressure,  and  aicbliol'  lii'  the.fdll,'  put'  Phis  resistant 
veatens  in  the  spring.  It'  is  natural  to  regeird  these  sehsotol  ctenges  'in 
sensitiyity'  tq  completely  different  agents'  as  j^oof  that  the'  flcpsP  :  |  ^  ‘ 
hardening  of  the  grass  cells  is  largely  due  to  increased  res^^^^^^ 
their  protoplasm.  J,  This  conclusion  is  supported  by  data  on'  the  ierisitivitj 
of  B .  glomerata  ceils  protected  from  the  cpld  hy  being  kept  in  ia'-gree^oila 
and  by  experimentally  induced  heightening  bf  geheral  sehsitiTtity'  after  the 
plants  vere  chilled  twice.  Additional  confirmation  comes  from'a  ccmpari/^ 
son  erf  curyes  reflecting  seasonal  changes  in  resistance  to  high^  temperat 
an(^  hydrostatic  pressure  yith  cinyes  of  Seaso'najL,‘  changes  in  cold'  red ib^ 

:  Figure ^  (A  and  B)  shows,  these  Curves  for  D .  gldaerata  and  E.  arfeiar:: 

A  comparison  with  Figures  2  Wet  ^"6  suggests  ^  Seasonal  increases;  a^  ■ 
decreases  in  ceil  resistance  to  cold  and  other  factors  ocC.to  almqst;Bl^l^ 
taiieously  .  IhiB  strengthens  tuf  view  tl^t  c^W®®  —  WsiW^nce  tc' W 
injurious  agents  kave  the  same  Wttii'undlsCoyered)  WuW®^  ;  -  .  '!■ , 


Severs ibiiity  of  Wasonai  Increases'  in  General  Ceil  Eesistarioe  "  /  ''"V. 

Frost  hardenir^  is.  ^own  tp  pe  rayerSible .  in  the  winter  yW®  '*^ke 
■plants,,  ,  or  parts  , of  them,  ,8re^  ;W  frW  Wp  W,d'W^  WW 

warm  place  >  cold  resistWce,  M,  W®  tieske®  WpF®** 

to  I.  il.  Tumanov  (i^tb)  ,  .winter  wt®et  iW^®®^^  0329  iiioyed  inito'  a  green¬ 
house  died  when  kept  there  for  2  -3  da^  W  "0  "^3  -5°^ ;  f® 

whereas  plants  .taken  iTi^Tnadiateiy  from  the  ;cpid  died  at  o'nly  -20.0® .  ■ 

r  M,:  M.  TyWina  (I9^f)  oWeryed  increa^  rWi^W®®  , 

night  .frosts  in  ^  seyeral  fakiir'  plants  d-Ur'ing '  the’  gd'pw.i’is  P.®^,tpd  •  tW  ;  . . 
foliowing  niWts  .were  'Wrm,  resistahee  again  WopPod. 'after  2-3.  days',  % 

The  iiteratufe  contains  ah  abundance  of  similar  data  on  the  loss 'of  ha^^'“ 
ening  dto-ing  the  winter.  They  show  that  this  process  takes  place  in  a''  ' 
great  variety  of  plants,  although  the  rate  differs  markedly  in  each. 

To  obtain  additional  proof  of  the  relationship  between  heightened 
frost  resistance  of  cold  hardened  cells  and  increased  resistance  to  other 
injurious  factors,  we  had  to  find  out  whether  a  loss  of  hardiness  results 
in  decreased  cell  resistance  to  high  temperature,  hydrostatic  pressure. 


and  alcohol. 

D.  glomerata  were  planted  in  May  I957  in  flower  pots  and  grown  out¬ 
doors.  From  December  1957  '•"O  February  1958  we  tested  the  resistance  to 
heat  and  high  hydrostatic  pressure  of  epidermal  cells  in  specimens  taken 
directly  from  the  garden  and  at  intervals  after  the  plants  were  moved  to 
the  laboratory  (room  temperature  about  18°) .  Figure  9  presents  the  curves 
showing  the  decrease  in  over -all  resistance  with  time.  It  began  as  soon 
as  the  plants  were  brought  indoors,  and  between  the  12th  and  l8tb  days 
cell  resistance  to  the  factors  being  tested  reached  its  suister  level 
(cvir.ves  I  and  II)  .  This  decrease  in  over-all  ci?ll  resistence  was  accom¬ 
panied  by  perceptible  growth,  of  tha  plants .  . 


Hardine'sa  vas  not  lost' only  In  the  plant  organism  as  a  whole.  ^I'h-'-S 
i^henomenon  has  been  observed  frequently  in  branches  of 

brought  into  a  warm  place.  ,  We  noticed  |t  (Aleksandrov  and  Fel  dman,  95^/ 
even  in  bits  of  leaves  (about  0.25  cm^),kept  in  the  laboratory  in  a  box 
with  a  daily  change  of  tap  water',  liie,  decrease  in  heat  resistance 
in  SDiail  pieces  of  leaves  kept  in  iteter  is  Shown  in  Figdre  9,  curve  HI.  _ 
The  cells  pf  pieces  of  leaves  taken  from  the  plants  in  the  Sutiimer  and  kept 
in  the  laboratory  usually  exhibited  a  slight  ^owth  in  resistance  to  in¬ 
jurious  factors.  This  may  well  be  'the  cell  reaetion  ot  T^ayorabhe  con- 
litions  following  their  removal  from  the  plant  organism  (Aleksandrov  and 
Fel'dman,  1958) .  Sometimes  this  increased  resistance  was  scarce^  notice¬ 
able.  :.As  we  saw  in  D.  glomerata,  bits  of  leaves  i;aken  from  plants  in  the 
winter  i^act  , quite  differeirt^.  This  t^^erence  in’ behavior;  between  Bvam-y 
and  winter  pieces  kept  in  the  laboratory  iS  clearly  shown  in  Table 
which  contains  the  results  of  experiments  to  determine  the  resistance  of 
epidermal  cells  in  the  leaf  sheath  of  £ .,  arenariua.  In  these  experiments . 
which  were  conducted  in  July  and  January-J-ebruary,  cell  resistance  wds 
determined  immediately  after  the  leaves  were 'stripped  from  t^^  plants  am 
^ter  7  days  in  the  laboratory’.  We  noted  h  Slight  riSe  in  resistance  to 
beat  and  to  alcohol  in  the’ Summer,  while  resistance  to  pressure  remained 
unchanged.  Similar  experiments  in  the  winter  showed  a  clear  decline  in 

resistance  to' all 'three-'factore. "  ’"jV  . 

.  Thus",  our  experim.eht8  clearly  revealed  that  tissues  transferred  in 
the  winter  from  a  cold  to  a  warm  place  lose  their  hardiness r^d  beconfe  less 
resistant  not  only  to'  cold,  but  to  other, /Completely 

high  hydrostatic  presSiare,  and  alcohol,  /ferdiness  is  lost  at  the  ceil ;  . 

.level,  am  the  process  may  take  place  even  outside  the  plant  organism.  '' 
ji  cdmparisbn  of  the  data  set  forth  dboye  with  ,oot /earlier  dapa  ’ 
shows  ithat  grass  cells  react  in  Similar  fashion  to  the  action  of  both  low 
and  high  temperature  l^gely  reversible  hOfispecific  rise  in  resistance . 

■•le  are  thus  led  to  aSsuine  that  comparable  by tolOgical  nschanisr^  Underlie 
these  reactions.  ..  .  '-.••v';- 


Table  3 


Changes  In  the  Eesistance  of  .Epldernal'  Ceils  in  ths  ‘leaf  .Sheath 
f,  <  I  of  Elymus  arenarius  When  Bits  of  the  Sheath  Were  Ke~ 

.  :  vr  ^  /-'  in  Tap  Water  in  the  Laboratory  -  ; 
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. No.  of  ,  Dnmediateiy 
,  exper-  r  enter  the  ,, 

.  iments  j  piece  va.^:  -  s 
taken  (A) 


^ after  the 
piece  vae 
kept  in 
,vater  (B) 


Differeihce  in 
resistance  of 
^oups  A  -  ® 


To  5 -min. 
heating 


'.i . 

VI 


T6  Vl-iVII 

actioh^'"'’'^''‘ 

of 'high 'io 
bydroaitatic  j?-  •  ^ 

pressure 


To  action 
of  10^ 
alcohol 

To  ^-itin 


VI-VII 


I-II 


I-II.  of 


To  5“iiiln.- 
actibn:  of 
high  hydro - 
static  ' 
pressure  ' 


To  action  of  I^-II  - 

l(yf)  alcohol.  , .  ■ 


:  24 


3 


;,46.2°' '0r3^' 


1072  atta. -  B  'as/^S  of  A  96 


9 ‘  .59’min...  w...  .L  -^'mih’..  ’  .'rB.^s pf  A  166 


..E: 


B'irA^'^i.i® 


-■'i'.-' 


9  ,  ,,,;48.80, 

•9:.  -..r  l743  atm.  ^ 


94  hrs 


I5  hrs,  .B  as  ^  of  A  16 


Observations  of  Seasonal. Changes  in  the  Sensitivity  of  Hepatloa 

NobiliS  Cells  ;.'r:=  '.v,  0,, 

V  J  Our  iiivoS'tig&'tion  of  saa^onal  chfiii^es  ,in  th©  resister^c©  of  epia63?iDai 

cells  in  the  leaf  blade  of  H .  nobiila  yielded,  quite  dlff erbiit  results  fr^ 
those -of -'the-:  grasses.. -..v  ^ 

Figure  IQ  shows  the  results  of  these  observations .Young  leaves  be¬ 
gin  to  appear  in  the  spring, -at  the  end  of  A^il  or.  keginhihg  oT  May,  ^ 
pending  on  the  kind  of  year.  heat  resistance  is  .low .  Fpr  leaves  with 

blade  5  tc  10  cm^  in  size  43"  ic  rraximim?.  texperatiioe  after'^  5 -minute’ 
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action  of  vhich  the  cytoplasm  continues  to  move.  Then,  as  the  f 

the  temperature  rises  to  approximately  45.5°  and  remains  at  that  level 
^ijrou^out  the  year .  There  are ^  no  indications  of  increased  heat  resistanuo 
toward  winter.  S'olldvriug  a  favorable  winter  the  plants  to ep  their  ola 
leaves  until  mid-M-y  with  more  bi-  less  damaged  blades.  Intermingled  with 
them  are  young  leaves .  Mating  a  simultaneous  test  of  heat  resistance^  we  - 
found  in  the  former  the  same  magnitude  as  in  the  winter  —  about 
while  the  latter  exhibited  much  greater  sensitivity.  This  difference  was 
due  to  the  difference  in  age  of  the  leaves.  There  were,  however,  no  8eascu- 
al  differences  in  heat  resistance  of  epidermal  cells  in  the  leaves  of  tha.. 

The  data  in  Figure  10  convinced  us  that  the  cells  react  the  same 
to  hydrostatic  pressure.  » in  the  spring,  as  the  young  leaves  develop,  cej 
resistance  to  pressure,  rises,  but  remains  almost  constant  to  develops 
leaves  as  long  as  the  plant  lives  regardless  of  the  tlmS^of  year.  __  . 

The  data  set  forth  above  show  that,  unlike  the  epidermal  cells  of 
srasses.  H.  nobilis  cells  exhibit  no  significant  or  regular  hei^^ning^a. 
resistance  to  heat  or  to  hydrostatic  pressure  that  can  be  correlated  witn 
the  onset  of  cold  weather.  Nor  do  the  leaves  of  overwintered  leaves  become 
less  resistant  to  these  factors  in  the  spring.  The  cells  of  young  leaves 
that  develop  in  the  spring  have  low  resistance,  which  increases  as  the 

,  This  raises  the  question  of  how  cold  resistance  in  the  epidermal  cells 
of  H.  nobills  chariges  in  the  course  cxf  the  year.  ^If  froSt^hard^i^^deve 
ops'"xfi'thinp€icles  just  it  'aoes  ih  grasses,  ip  is  due  to  some  ow 
underlying  mechanisms  that  do  not  involve  the  heightening  of  over-all  cell 
reslstanoe.  Figure  U  presents  data  on  seasonal  changes  in  the  cold  resist¬ 
ance  of  H.'  nobilis  cells .  It  is  apparent  ttot  the  shape  of  the  c^ye  differs 
from  that  of  the  grasses  (Figure  8,  A  and  B) .  The  latter  show  a  distinct 
and  sharp  rise  in  cold  resistance  in  the  fall  and  a  drop  in  the  spring.  ^ 

In  B.  glomerata 'and  E.  arenarius  cold  resistance  betveeii  December  and  fferc  :; 
is  almost  70  higher  than  between  June  and  August.  H.  nobilis  exhibits  be¬ 
tween  .Tilly  arifl  vigust  and  in  December  and  March  the  same  high  cold  resis.- 
ance .  The  seasonal  curve  fluctuates  somewhat,  but  not  in  relation  to  en- 
V irormental  temperature.  The  young  leaves  exhibit  only  low  cold  resistance 
in  May:  resistance  increases  markedly  as  they  develop. 

Thus,  the  epidermal  cells  of  H.  nobilis  scarcely  react  to  the  onseu 
of  cold  with  increased  resistance.  At  least  there  was  no  indication  of 

it  in  our  tests.  -  ■u  .  -n  v4-i4« 

The  absence  of  reactive  heightening  of  resistance  in  H.  nobilis  _ 

,  cells  following  the  action  of  cold  led  us  to  pose  this  question: _  are^ these 
'  cells’  generally  capable  crf’  i'espoiding  with  nonspecific  heightened  resist¬ 
ance 'to  the  influence  df  in juribus  factors?  To  answer 'the  question,  we, 
subjected  H.  nobilis  leaves  to  heat  hardening  for  I8  hours  at  various  temp¬ 
eratures  ranging  from  28  to  38°.  results  are  shown  in  ^ 

Cell  resistance  grew  as  the 'herdening  temperature  rose  and  aj.ter  harden+.jg 
at  38°  heat  resistance  ihcreesea  1.8°  as  compared  with  the  control.  :  ^ 
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It  vas  aonspeoific  in  character,  like  that  of  the  other; plants,  since  , 
resistance  Increased  not  only:  to  heat>  hut  alsp  to  high-  hydrostatic  ^ ;  o  r 
pressure .  Halting  the ;  pusyement  of  protoplasm  -in:  the;  cells;  subjected  to . 

18  hours  of  hardening  at  35.5P  required  iBO  atja*  pf;  pressure 

cells  in  the  control  leaves;,  (average,  of;  six  experiments);  '  f... 

Thus,  expidermal  ceils  in  H.  nohilis  leaves,  like  the  cells  of  the 
othersnlants  that  ve  tested,  including  H . ; glomerata  and  E .  arenarius 
(Aleksandrov,')  1956;  Aleksandrov  and  Fel’dman,  1958)  ar©  ©tie  tP  j^ise^  their 
'resistance  in  response  to  high  temperature.  Hovever,  unlike  the  grasses, 
they  exhiblt  no  frost  hardening,  l.e.,  reactive  rise  pf  resistance  euf ter 
chilling.  ) The  level  of  cold  resistance  attei^ia'd  ty  the  eells  of  developing 
leaves  is  suff  icient  by  mid  summer  to  assure  satisfactory  wintering  of  this 
species  in  its  natural  environment .  This  does  not  exclude  the  ppssibillv. 
of  heightened  winter  and  cold  resistance  by  the  plant  as  a,  whole  tltToaSh 
other  mechanisms  that  we  failed  tp  discover  in  our  experiments . . 

PlSCUSSipn  :  i  ;;v. 

;  ,  i ;  In:  studying  the  mechanism  whereby  some  factor  injures  a  living  : 
object  and  analyzing  ihe, causes  of  the 'object 's  adaptye  Increase  in  resist¬ 
ance  to  that  factor,  one  of  the  first  problems  to  be  elucidated  is  theij- 
degree:  of  specificity  of  the  phenomenon,  f 

.W  must  first  begin  by  determining  the  extent  to  which  the  injurious 
action  of  the  factor  in  question  resembles  that  pf  factors  of  different  , 
kinds  and  the  way  , the  resultant  increase  in  resistance  influences  the  ,  - 
object’s  resistance  to  other’ actions.  ®ie  answers  to  these  questions  wiil 
largely  shape  the  course  of  subsequent  Investigation  of  the  entlrej  problem: 
object; -:factor>r:  -)  ,  iJ-;-  r:c 

i.  If  the  factor  is  found  to, be  highly  specific,  the  main  focus  of  , 
research  should  be.  on  t^e  characteristic  physical  and  chemical  properties 
capable  I  of  explaining  its  particular  kind  of  influence  on ; the  pb  Ject .  ■  ;0n 
the  other  hand,  if  nonspecif  ic  features  turn  put  to 'be  predominant,  most  ;,, 
of  the  effort: should  be  aimed  at.  studying  tbe  more  general  properties  pf 
the  living  object;.  r,..  C  ,  ,  r-i.;]-,' 

...  The  literature  on  frost  hardening  in:  plant  cells  contains  some  , 
experimental  data  and  numerous  opinions  to:  the  effect  ©hat , increased  re¬ 
sistance  to  cold  causes  the  cells  to  become  less,  seneitlve  to  tther  influeno 
as  well.  There  is  information  on  the  greater  resistannce  of  cold  hardened 
cells  to  plasmolysls  and  deplasmolysls  (Scarth  and  Levitt,  1937 j  Sparth, 

191*4  j  Sulakadze,-- 1949) ,  to  ice  pressure  (Tumanov,  1951)  i  to,  drowning  ;  )■ 
(Timofeyeva, :  1955)  ^  bo  desiccation  (Pisek  and,  Larcher,:' 1954) ,  to:  drought 
(Simlnovitch,  1940-1941).  r Illert  ,(1924)  called  attention. to  increased 
heat  resistance  of  Oxaljs  acetosellav toward  fall .  ;  Sapper  (1955)  kept 
flowering  specimens  of  Eranthls  hlemalis  for  2  days  at  lO®,  I5?,:  and  *4°  _• 
early  in  Mirch.  Outdoor  plants  proved  to  be  more  heat  resistant  than  those 
kept  in  a  warm  place.  According  to  this  investigator,  the  shoots  of  -  ^ 
Prunus  laurocerasus,  Hedera  helix,  and  Llnarja  cymbalaria  cut  immediately 
'if  ter  the  winter  are  more  heat  res is-tant  than  later  when  wa.rm  and  rainy 
weather  sets  in.  Tfsdal  (1934)  fc'.r''’.  diastasis  in  extracts  of  e,lfi..lfa  tc 


be  more  resistant' to  heat  Ih  the  winter  than  in  thte  summer .  I.  ;  Iv  Tumar. 
(1940)  thinks  that' ''hardehiiie  .. /‘is  a' Universal  means  of  defense  by  all 
-knt^  crbiis  against  almost  all  kinds  of  winter-spring  destruction  of  the 
plants*'  '  (p/  891.  lev! tt^^^^  i956a,  t)  is  Inclined  to  regard  common 

factors  as  responsible  for 'resistance  to  c01d>  drought,  ‘heat,  and  osmotic 
loss  of'water.  '  ' 

Scarth  and  Levitt  (1937) ,  however,  report  that'  cold  hardened  cabb^- 
leaf  c'ells  do  not  eihlb it  strong  resistance  to  acetic  acid  and  high  tempbr- 

Thus,  the  literature  Supports  the  view  that  frost  hardening  is  quite, 
nohspeclfic.  However>  it  is  Surmising  that,  despite  the  many  reports  on 
the  subject,  this  highly  iiftiortant  problem  has  not  been  studied  in  detail 
Our  data  indicate  that  seasonal  heightening  of  ceil  resistance  to  low  ter  - 
eratures  may  well  be  largely  nonspecific.  ’With  increased  cold  resistance 
there  is  a  simultaneous  growth  of  resistahCe  tb  such  different  factors  as 
heat,  hydrostatic  pressure,  and  alcohol.  The  nonspecificity  of  cold 
hardening  that  we  found  in  plant  cells  shows  that  a  study  of  the  phenomen.a 
ought  not  to  be  restricted  to  the  action  of  cold  on  tissues.  It  has  to  be 
analyzed  against  the  background  Of  the  general  problem  of  cell  resistance  m 
oell  adaptation. 

The  simultaneous  increase  in  cell  resistance  to  a  variety  of  factors 
has  led  us  to  postulate  some  vital  common  link  in  their  injurious  action. 
Otherwise  it  would  be  difficult  to  Understand  the  universality  of  the 
hardening  process.  According  to  the  protein  theory  of  injuiy  aiid  excita¬ 
tion  (Nasbnov  and  Aleksandrov,  194O;  NasonOv,  I959) ,  the  Common  element  is 
the  Shift  of  protoplasmic -proteins  toward  denaturization  .  The  inUuribus  ^ 
effect  of  low  temperatures  on  the  cell  is  also  attributed  by  many  investi¬ 
gators  to  denaturization  of  Cell  proteins  resulting  from  the  intracellular 
formation  Of  ice  (Gorke,  1907;  Lidforss,1907f  Schaff nit,  1911;  Ullrich 
•and  Heber,  I958;  Heber,  1958)  .  Levitt  in  his  "mechanical"  theory  exf  cell 
resistance  to  cold,  high  temperature,  and  drought  has  cOme  fairly  close  to 
the  denaturization  Concept.  It  was  demonstrated  long  ago  that  with  rare 
exceptions  chilling  kills  cells  only  if  ice  forms  in  the  tissues.  Gf 
secondary  impbrtanCe  in  the  discussion  is  the  question  of  that  c^ses  de¬ 
naturization  of  cell  proteins  after  the  tissues  are  frozen--losB  of  water, 
concentration  of  substances  dissolved  in  cell  Sap,  mecbanical  action  of 
the  ice,  or  Other  things .  " 

We  can  therefore  visualize  various  ways  in  which  cells  acqUirb  re¬ 
sistance  to  cold.  Changes  reducing  intra-  or  extracellular  ice  formation 
may  tal®'  place  in  the  cells  Or  tissues i.  The  available  data  indicate  that 
chilling  causes  intracellular  ice  to  be' deposited  more  slowly  after  cold 
hardening  (Levitt,  I956  a,  b) . ■  However, ' there  are  no  grounds  for  believing 
that  the  defense  mechanism  against  the ^specific  properties  of  cold  as  ah 
Injurious’factOr  results  in  heightened  cell  resistance  to  completely 
dlffeiuTit  influences  --  heat,  alcohol,  or  hydrostatic  pressure.  ]n  those 
instances  where  heightened  cold  resis  ance  correlates  with  greater  resist* 
to  some  other  factors,  it  is  natural  to  assume  tliat  these -defense 
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mechanisms  are  lintoed  to  the  common  elemeht  underlying  the  action  of  tha 
different  factors.  In  accordance  vith  the  denaturization  theory  of  frost 
injury,  a  general  increase  in  the  resistance  Of  cell  proteins  prohably 
takes  place  after  nonspecific  cold  hardening.  This  can  he  achieved,  of 
course,  in  various  ways.  , 

It  is  impossible  to  assume  that  the  increase  in  resistance  here  is 
caused  by  acceleration  of  denaturization  or  resynthesis  cf  protein,  as 
does  Allen  (1950),  for  exaniple,  in  connection  with  heat  resistance  of 
thermophilic  bacteria,  because  there  is  a  general  slactening  of  metabollEa 
at  low  temperatures.  Nevertheless,  nonspecific  frost  hardening,  like 
heat  hardening,  is  associated  with  protein  stabilization  due  to  certain 
molecular  reconstructions  or  with  the  appearance  of  ant idenaturlzing  sul 
stances  in  the  cell.  Schaffnit  was  the  first  to  pOint  but  that  the  re¬ 
placement  of  labile,  macromolecular  proteins  with  simpler  aiid  more  stablfj 
ones  ml^t  be  one  of  the  reasons  for  increased  hardiness.  Har^rey  (I9I8) . 
Newton  (1924),  and  others  backed  this  view.  Slminovitch  and  Briggs  (19‘:y) 
demonstrated  the  parallelism  between  hardiness  and  the  amount  of  soluble 
protein,  regarding  it  as  a  cause  and  effect  relationship.  However,  there 
is  still  no  convincing  proof  of  adaptive  reconstruction  of  protoplasmic 
proteins  after  hardening.  ' 

Many  Other  arguments  have  been  cited  in  favor  Of  the  view  that  sub¬ 
stances  functioning  as  denaturizers  may  concentrate  in  the  cells.  Sugar, 
whose  antidenaturlzing  action  is  well  known,  is  one  of  the  more  Important 
ones.  Lldforss  (1907)  was  the  first  to  assign  this  role  to  the  Sugars 
accumulating  after  cold  hardening.  A  large  number  of  studies  haWe  dealt 
with  the  parallelism  between  hardening  and  sugar  storage  (cf .  the 
summaries  of  Maksimov,  1913 ••1952;  Tumanova,  1940;  Levitt,  19^1 >  1956). 
Although  a  good  correlation  has  often  been  noted  between  degree  of  hard¬ 
ening  and  amount  of  sugar,  a  lack  of  this  correlation  has  also  occurred. 
Heber  (1958)  explains  this  on  the  grounds  that  it  is  not  the  absolute 
amount  of  sugar  in  the  cell  that  iS  important,  but  its  concentration  in 
the  protoplasm  proper .  Sugar  in  vacuoles  may  have  no  defensive  action . 
Moreover,  the  antidenaturizing  ability  of  the  varioiis  su^^rs  is  far  from 
uniform.  Finally,  cold  hardening  in  plants  that  are  incapable  of  storing 
sugar  may  be  ensured  by  the  eiaboratiori  of  other  substances  possessing 
antidenattirlzing  action ^  The  antidenaturizers  specifically  include  the 
fatty  acids,  which  are  normal  products  of  cellular  metabolism  (Futnam,  l95n) 

Many  Investigators  seb  the  defensive  action  of  sugars  not  in  an 
antidenaturizing  effect,  but  in  the  elevation  of  osmotic  pressure  or 
reduction  of  the  eutectic  point,  which  may  lessen  ice  formation  in  the 
tissues.  We  do  not  challenge  this  possibility,  but  since  cold  hardening 
is  associated  with  nonspecific  heightening  of  cell  resistance,  it  seems 
to  us  more  probable  that  stored  sugars  (or  any  other  substances)  function 
as  antidenaturizers. 

Thus,  the  literature  and  our  data  indicate  that  the  protein  or 
denaturization  theory  of  injury  is  a  very  promising  theoretical  starting 
point  for  an  investigation  of  plant  hardiness. 
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To  avoid  oversimplification  and  incorrect  conclusions  from  the  ahL^e, 
tre  must  discuss  one  other  problem.  The  methods  of  overwintering  employed 
l:y  pj.ants  are  highly  varied  (Kozhevnikov,  1950)*  possibilities  of 

adaptation  to  cold  are,  of  course,  fewer  than  in  multicellular  organisms, 
but  they  are  by  no  means  limited  to  a  single  mechanism.  We  need  mention 
only  the  hardiness  of  plants  not  storing  sugars  (Tumanov,  1940)  or  the 
numerous  cases  where  increased  cold  resistance  Is  related  to  the  termina¬ 
tion  of  cell  growth,  but  not  in  other  cases  (Tyurlna,  1957)*  We  saw  above 
that  in  some  plants  the  normal  movement  of  protoplasm  in  the  winter  is  re- 
Bumed  immediately  after  they  are  shifted  to  a  vaim  place,  whereas  in  others 
:lt  remains  stationary.  Grass  cells  exhibit  nonspecific  heightening  of  resist¬ 
ance  in  the  winter,  but  the  analogous  cells  of  H.  nob 11 is  do  not.  Conse- 
q.uently,  the  various  forms  of  cell  adaptation  must  be  taken  into  considere  ion 
•;rhen  studying  the  winter  behavior  of  plants. 

It  is  clear  from  this  paper  that  in  the  three  species  of  grasses 
^.•esistance  to  heat,  high  hydrostatic  pressure,  and  alcohol  grows  with  in¬ 
creased  resistance  to  cold.  It  is  likely  that  there  is  also  greater  resiov-' 
ace  to  some  other  agents  that  we  did  not  investigate.  Levitt  and  Kelson 
(19b2)  found  that  the  three  kinds  of  cells  in  orange  peel  (epidermal, 
glandular,  and  cortical)  are  arranged  in  the  same  order  of  sensitivity  ot 
idgh  temperature,  cold,  plamolysis,  and  desiccation.  It  is  well  known 
■’;hat  clrcumstomatal  cells  are  more  resistant  than  ordinary  epidermal  cells 
io  a  variety  of  injurious  factors.  It  would  be  a  mistake,  however,  to 
conclude  from  the  above  that  resistance  is  always  "summational"  or  that 
cells  resistant  to  one  agent  are  invariably  resistant  to  other  agents. 

We  showed  in  an  earlier  paper  (Aleksandrov  and  Fel’dman)  that  increased 
cell  resistance  to  heat  following  individual  hardening  of  a  plant  and  the 
, -reduction  of  heat  resistance  in  the  cells  of  thermophilic  species  are 
chylogehetically  assured  by  various  cytophyslologic  mechanisms.  We  find 
the  same  thing  in  resistance  to  cold.  After  individual  cold  hardening  there 
‘3  a  well-defined  shlftii^g  of  resistance  both  to  cold  and  to  heat.  However, 
comparison  of  heat  and  cold  resistance  in  various  species  may  not  reveal 
this  eorrespondence.  Thus,  heat  resistance  in  grasses  of  tropical  origin,'  ' 
t.  .g. ,  Panicum  mlliacevim  L .  and  Eleuslna  indica  (l  )  Gaertn.  ,  is  much  higher 
than  in  D .  glomerate . •  The  temperature  at  which  the  protoplasm  ceases  to 
move  after  5  minutes  of  heat  is  about  1*9*^  in  the  first  two  plants  and  abovit 
1:4°  in  D .  glomerate .  At  the  same  time  the  maximum  cold  resistance  by  our 
criterion  is  almost  identical  in  all  three  species  ^  -8.6°  in  Papicum.  laili^eeui 
•7,29  In- Eleuslna. jndica,  and  about  -8°  in  Dactyl is  glomerate.  Thus,  the 
vnlform  resistance  of  cells  to  cold  may  be  combined  with  heat  resistance  In 
very  differing  degrees.  ; 

Findings 

L.  The  resistance  of  epidermal  cells  in  the  leaf  sheath  of  Dactylis 
glomerate  L . ,  Elymus  arenarius  L . ,  and  E .  angustus  Tr in .  to  heat  and  high 
hydrostatic  pressiare  exhibits  regular  seasonal  changes It  is  minimal 
d'jring  the  growing  period  (May  to  Sephember) ;  it  rises  with  the  onset  of  cc3.d 
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fall  ’leather,  remains  at  a  high  level  tbrovigjiout  the  winter,  and  in  April- 
Hay  again  drops  to  the  summer  level.  The  resistancd  of  D.  glomerata  and 
i:.  aroii&rlus  cells  to  ethyl  alcohol  is  also  much  highe'r  in  the  winter  than 
sn  the  summer;  .  ^  r' ■■■:> 

A  comparison  of  seasonal  changes  in  resistance  to  heat  and  to 
hydrostatic  pressure  in  D.  glomerata  growing  outdoors  and  in  the  greenhouse 
showed  that  nonspecific  heightening  of  cell  resistance  in  the  fall  is 
largely  a  reaction  to  a  drop  in  environmental  temperature.  Ghllling  may 
produce  nonspecific  heightening  of  resistance  oven  in  summer  plants  . 

3v  The  calendar  pattern  of  changes  in  cell  resistance  to  heat  and 
high  hydrostatic  pressure  hy  the  three  grasses  fetudied  coincides  almost 
completely  with  seasonal  changes  in  cold  resistance  of  these  cells. 

1*.  Beslstanca  to  heat,  hydrostatic  pressure,  and  ethyl  alcohol 
decreases  after  a  loss  of  hardiness  in  whole  plants  transferred  in  Idle 
winter  from,  the  open  to  a  warm  place  or  when  'bits  of  leaves  taken  from 
wintering  plants  are  kept  in  the  laboratory.  ^ 

5»  fhe  cells  of  the  grasses  studied  react  in  similar  fashion  with 
a  reversible  and  largely  nonspecific  rise  in  resistance  both  to  low  and  to 
high  temperatures.  *  •  ■  l 

6.  The  epidemal  cells  of  the  leaf  blade  of  Eepatica  nobilis  do  mot 
exJilbit  changes  in  resistance  to  heat,  high  hydrostatic  pressure,  and  low 
t3m.pa?.’atura  that  can  be  correlated  with  the  onset  of  cold  weather. 

7.  The  cells  cef  young  H.  hob  ills  leaves  have  low  resistance  to 

these  factors  in  the  spring.  Their  res Istancs  increases  as  the  leaves  develop 
E.  nobilis  cells  react  to  superoptimum  temperatures  with  Increased 
BTSistence  to  heat  and  high  hydrostatic  temperature.  .  C’.'  ;  ■> 

9*  An  investigation  of  nonspecific  frost  hardefilhg  in  plants  on  the 
basis  of  the  protein  (dehaturizatlon)  theory  of  injury  ;  has  been  shown  to 
be  worthi.liile  (D.  N.  Nasonov  and  V.  Ya.  Aleksandrov).  >  . 
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THE  EFEECT  OF  PEELIKENARy  EEA.TIKG  ON  THE  RESISTAHCSE  OP  EEOG 
MUSCLE  TO  THE  DIJURIOUS  ACTION  OF  HIGH  TEMEERATUFiE 
'  ■  ,  AND  VAEIOIB  CHEMICAL  AGENTS 
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In  recent  papers  V.  Ya.'  Aleksandrov,  B.  P.  Ushakov,'  and  their  co- 
T7prkers  showed  the  coincidence  of  heat  resistance  by  cells  in*  poikilotheimis 
of  the  same  species  from  various  temperature  environments  (Aleksandrov, 
1952;  Ushakov,  1955,  1956,  1958a>  b;  Bzhamusova,  I958,  1959;  Zhirmunskiy 
and  Pisareva,  1958a;  Kusakina,  1959;  Shlyakhter,  1959)  •  '^'lien  cold-blooded 
animals  are  brought  up  in  high  temperature  environments, .  the  heat  reOlst- 
ance  of  their  cells  reinains  unchanged  while  the  heat  resistance  of  the 
organism  as  a  whole  rises  significantly  (Zhirmunskly,  1959;  Zhlr^nskiy 
and  Shlyakhter,  1959;  Svihkin,  1959) •  There  are  also  no  seasonal  changes 
In  the- heat  resistance  of  ciliated  frog  and  mollusk  eplthelim  (Aleksandrov, 
I952;  -rronet,  1959).  All  these  data  indicate  tlkt  the  heat  resistance  of 

cells  within  the  poikilotherm  organism  as  a  yhole  Is  fairly  constant. 

References  tO  adaptive'  changes  in  Isolated  lissues  after  exposure 
to  high  temperatures  are  few.  For  eJcample,  Thbrher  (1919;  1922)  observed 
adaptation  of  the  frog  sciatic  nerve  to  hi^  tempefatureS,  calling  it 
"acclimation."  Ye.  K.  Zhukov  (1935)  repeated  these  experiments  and  con-  ^ 
finned  Th&rher’s IfindingS.  Jamada  {19^h)  noted  the  ptenomenon  of  acclima¬ 
tion  in  the  npnrnedullated  frog  nerve. 

' '  yj  Y  /.  ‘Aleksandrov  (1956)  also  found  Incf eased  heat  resistance  in 
plant  ceils  after  sxpostuE’e  to  moderate  heat,  which  he  called  "hardening." 
According  to  AleksaiidroV,  hardening  is  a  cell  reaction  to  the  injurious 
action  of  .'hhat.'' .  ■'  ' . 

Ouf  investigation  represented  ah  attempt  to  discover  adaptation  to 
high  temperature  in  isolated  frog  muscle.  A  study  was  made  of  the  effect 
of  slight  preliminary  heat  on  its  resistance  to  heat  injury  (38°  tempera- 
tvire)  and  to  the  injurious  action  of  various  chemical  agents . 


Method 

The  experiments  were  performed  during  the  fall  and  winter  on  Isolated 
sartorius  muscles  of  grass  frogs  (Rana  temporaria  L.).  The  muscles  were 
kept  in  Ringer’s  solution  at  room  temperature  for  I.5  to  2  hours  after 
preparation.  They  were  then  heated  slightly  by  Immersion  in  Ringer's 
solution  at  31°  for  3  to  90  minutes.  (Preliminary  immersion  was  only  in 
Ringer's  solution  at  a  tempera txjre  of  34°,  hence  the  phrases  "preliminary 
immersion,"  or  "preliminary  heating."  )  Ijcmediately  afterward  the  experi¬ 
mental  muscles  together  with  the  twin  controls  were  exposed  to  injurious 
agents  --  Ringer's  solution  at  38°  (high  temperature),  solutions  of  ethyl 


alcohol,  Quinine,  chlprjeil  hydrate,  calpivm  chloride  and.  potassium  chloride 
prepared  in  Elnger’s  fluid  (at  Slj®) ,  ^d'Bingey’s  solution  diluted  fourfold 
at  the:  same  teii®erature  (hypotonia) j  We  Judged  resistance  to  the  ihjv^ipus 
agents  by  the  length  of  time  the  muscles  retained  excitablliiy  in  the  bb^t 
solutions. >  The  moment  of  loss  of  excita,bility  vas  determined  hy  the  1^6fc 
ofiiContractipn  in  response  to  Irritatioh  hy  a  sinusoidal  current,  50, c. 
freQuency  (maximum  power  2,5  ma) The  mcmeht  when  the  expefimehtal  muscles 
could  no  longer  he  excited  was  compared  in  each  series  with  the  V 

nonexcitabiilty  of  the  twin  control  imiseies,  which  ,^b  thkeh  ps  100^.'  " 

tiThe  restO-ts  of  the  experiments  were  processed  statistically.  The  ' 
degree  of  probability  pf  the  difference  (a)  between  each  experimental  and 
corresponding' control  series  of  muscles  was  computed  from  the  Student - 
Eishfir.  table.  ^  'I--. . 

Bestdts  v  r'.'  r  -1 

i  muscles  kept  iu  Einger's  solution  at  38°  lost  excitability 

after  15  minutes  (average  of  nine  experiments) .  The  experimental  imscleS 
exposed  tp  3  minutes  of  preliminary  heat  wlth  subsequent  'temperature  of  .,; 

38°  lost  excitahlllty  after  17.7  minutes .  fhe  delay  in  onset  of  ncnexclt-; 
ability  was  fairly  reliahie  (d  “  0*96) .  (in  this  work  ve  regarded  as 
•reliahle  the  results  in  which  th^e  degree  pf  probahility  of  the  difference 
ifjae  at  least  0.97.)  Following  5  minutes ,  of  prellmiiiary, ^  and  sub¬ 

sequent  high  temperature,  excitability  was  lost  after  20.2  m^utes.  The  . 
increase  in  time  here  (/42^)  was  s'tatistically  quite  reliahle  (a  i  0,99) »  • 
i.e,,  as  little  as  5, minutes  of  prelim^ry  heat  increased  muscle  heat  fe- 
.sistance.  The  maximum  increase  in  heat  resistance  was  observed  after  I5 
minutes  of  preliminary  immersion,  when  it  reached  158?^  as  comjared  with 
the  control  (curve  a  in  the  figure  and  Table  l).  , 


:  .  .  -•.Tahie;  1  r;.,:!  .y  r; 

:  v  /Effect  of  prolonged  Preliminary  Enmersion  at  3^°  oh  '(/he 
Eesistance  of  Muscles  to  a  Temperature  of  3$°  /  t; 


No .  of 
exper¬ 
iments 

Time  of  onset 
of  nonexcita- 
hility  in  the 
control  (in 
min.) 

Time  of  pre¬ 
liminary 
immersion 
(in  min.) 

■ 

Time  of  onset 
of  nonexci'fca- 
billty  in  the 
experimental 
material  (in 
min.) 

Degree 

of 

pi.-pha.- 
hility 
of  dif¬ 
ference 

*^ant 

9 

15.0  i  1.1 

3 

17.7  /  1.0 

A8 

0.96 

23 

It .2  /  1.5 

5 

20.2  /  1.0 

A2 

0.99 

23 

17.1  ?  1.0 

10 

19.7  7  1.2 

7l6 

0.95 

20 

lb. 9  t 

0.9 

15 

23.5  1  0.7 

758 

0.99 

9 

lb  .6  i 

1.2 

20 

lb .6  7  1.1 

0 

-- 

9 

lb. 7  i 

1.0 

30 

16.2  1  0.9 

Ao 

0.88 

15 

12.7  / 

1.2 

ho 

13.6  7  1.0 

/  7 

0.72 

6 

13.8  / 

l.b 

60 

11.3  7  1.2 

-18 

0.90 

k 

16.5  / 

1.0 

90 

8.0  7  1.9 

-52 

0.99 
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.  ^  After  20  to  40  mlnuijes  oif  ‘jlreliiaiinaiy  iiiitterWion  up  further  reliable" 
increase  in  ^eslstanc^  Injury  of  38°  ti^erature  vas  re-  ^  ' 

cpr4ei',  hut  more  prolonged  jjimersloh  caused  a 'decrease  in  heat  resistance. 
Thus,/aftei  ^  minutes  of  'preliminary  heat  the 'tl^^  bf 'onset  of  nonexcita¬ 
bility  following  the  action  of  hi^  te^erature  dropped  to  telf  that  of 
the  control.  Cohsetuently  /  'there  IS  a’  twbiphase  change  in  heat  r^ 
duririg  preliminary  immersion  of  the  pise les  at  34°:  flrsty  it  rises,  -  • 
reaching  the  maximum  in  15  mlnutes|  t]^ny  after  longer  prelimlm^ 
it  drops  and  becomes  less'thah  in  the  controls  .  i  ,  -  ^ 

We  thought  it  would  be  interesting  to; find ^'p^^  whether  muscles^^e^^^^^ 
posed  to  preliminary  heating  show  inbreaiSed  reeistahee  to  high  temperature 
alone  br  to  other  injurlbus  influences  as  well.  ■ 

We  discovered  that  brief  preliminary  Immersion  at  34°  caused  charigeS 
in  resistance  to  the  actionof  5^  ethyl  alcohol  similar  to  those  in  resist¬ 
ance  to  heat  (curve  b.in  the  figure  and  Table  2),  the  maximum  rise  also  Ji:  :; 
taking  place  after  15  minutes  of  infersiort,  whereas  the  more  prolonged 
action  of  3^°  temperature  caused  a  drop  in  resistance  to  the  alfeohol.  ;  ; 

Since  it  turned  out  that  the  maximum  rise  in  xesistehce  in  these  two  cases 

bccurred  'after  I5  minutes  oi  /pr®lii“ihary  heating  (3h°)  >  V 

minutes  of  preliminary  heating  in  the'  third  series  of  experiirents  where  We 
studied  changes  in  resistance  to  Certaih  chemical' agents J  O.025  and  ' 
0.05^  4'ilnihe  suiphateV  ’0*5^  chloral  hydrate,  0. 3  and  0.4^  potaSSlto 

chloride,  25^0  calcium  chloride,  Blnger's  solution  diluted  fburfold  (hyp'btonla) . 
(The  test  solutions  bf  these  substancesV  like  the  ’5?&  alcohol)  were  at  a 
temperatWe  Of  34o,  Immersion  of  the  muscles  in  Bli^er's  solution  at  -  ■  ' 

34^  made  it  heceSsary  to  apply  the  chemical  agents  after  tip  action  of  - 
this  temperature  since  It  was^  the.  pnly  way  we  could  discover  how  prellM-^ 
iiary  Immersion  affected  resistance  to  Subsequent  chemical  inijnry.)  *  •  ’ 
Hesults  of  the  experiments  showing  tip  effect  of  I5  minutes  of  preliminary 
immersion  at  34°  on  resistance  to  the  above-mentioned  injurious  agents 
are  presented  in  Table  3.  The  data  indica^^  that  preliminary  heating  in¬ 
creased  resistance  to  quinine ''(0.0^5  and’  0 •65^),  whereas  there  was  no  change 
in 'reBietance  to  the  pther'  agentsl^  ‘  . .  "  T  .  -  * 


Table  2 


Effect  of  Prolonged  Preliminary  In^rsion  on  "tlie 

Eesista.nce  of  Muscles  to  5^  Ethyl  Alcohioi  Heated  to  3^ 


Ho  .  of 
exper¬ 
iments 

v’ 

Time  of  onset 
of  ndnexcita- 
billty  in  the 
control  (in 
min.) 

I,.,.,,  . . . 

Time  of  pre¬ 
liminary 
immersion 
(in  min.) 

Time  of  onset 
of  nonexcita¬ 
bility  in  the 
experimental 
material  (iii  ^ 
min.) 

^cont 

j  '  i 

Degree 

; 

probabil 
ity  of 
differen 

7 

20.1/  0.5 

5  V 

21.471.4',  ' 

/.:6  :  ■ 

Q.SO 

12 

18.0/  0.7 

10 

19.77  0.7 

k9 

0.95 

18  ■ 

17.570.3  . 

15  - 

21.17  0.5  , 

. /2l  i 

•■■'0.99.  ■ 

8 

18.2/  0.5  , 

20 

18.2/0,8  ’ 

-S  .;:0  : 

8 

17.0/  0.5 

40 

14.9;/  0.6 

-12 

:0,99 

12  " '  ' 

20.8/  0.9 

66  i  \ 

19.07  1.4 

^9; 

'0.86 

8 

:  19.0/  0.9 

90  .  1 

15.27  1.4 

-20  - 

0.98  ' 

*  Thus,  brief  preliminary  immersion  of  muscles  at  3^°  increases 
their  resistance  not  only* to  high  temperatures (38°),  but  also  to  such 
chemical  substances  as  alcohol  and  quinine.  It  vas  most  pronounced  in;  the 
case  of  hl^  temperature  (Table  3) •  Since  I5  minutes  of  immersion  at  3^° 
Increases  resistance  to  potassium  chloride  and  calcium  chloride,  hypotonia, 
and  chloral  hydrate,  the  increased  reislstancesmust^be  regarded  as  being  ' 
relatively  nonspecific  in  character.  ? 
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Tatie  3 


Effect  of  a5  Minuted  of “  Rbeliiiliiafy  on  the 

Eesistance  of  Sartorius  Muscle  to  Various  Injurious  Agents 


Injurious  5 

agent  ;  •  • 

’ j- 

Ho  .  pf 
exper¬ 
iments 

:  Time  of  onset  ■ 

.  ;  of  hbneXclta-^ 

^  billty  (in  ;  . 

:  min:) 

M  i.  -M  ^ 

,  pxt).  contj^lOO^ 

Degree 
;  of  ■ 

probabil- 
'  ity  of 
:  differenc 

^cont  '  ■ 

control 

experi¬ 

ment 

SG^temperature 

£5ti 

VO 

6 

VO 

23.5  i  0.7 

^  /58  ,  , 

0.99,. 

Ellxvl  alcohol  5^ 

18 

17-5  /  0.3 

21.1  /  0.5 

^  /  21  ^  ■■■ 

:  ~ 

(  0.055^ 

10 

16L6  ?  0.1t\ 

20.4  1  1.0 

:  /  23-..- 

■  \  , 

Qu.inine  ( 

■  (  0.025^ 

C'  3 , 

39*3  f  0i3\ 

'45.3:  /  0.7 

.  i-  ^ 

:  /l5"5^.;> 

0.99  : 

lotassium  0.3^ 

lit 

26. k  1  2.6 

24.5  /  2.2 

-  8  " 

0.72 

chloride  O.k^ 

k 

14.1  ;  1.9 

l4.1  /  1.9 

0 

Hypotonia  ; 

■  ■  •  !  . 

^  ■^8  r  . 

15.1:/  1.0 

,14.0  /1.4  • 

0.72 

(•r- Ringer’s 

^ 

solution) 

Calcium  chloride  2^ 

i. 

11;5  i  0v3 

i  8v7  i  0  .7 

.  “  2lt  .  ,  1, 

0,99 

0‘Joral  hydrate 

6 

12.7  i  0.8 

12.0/0.5 

-  9 

0.78 

■ 

P  If.  CUB  Sion  ^  ^  ^  u 

"Acclimatizing"  a  nerve  to  hi^  temperature,  as  reputed  by  Thftmer, 
Jci;aada,  and  Zhukov,  and  increased  resistance,  as  in  our  experiments,  involve 
isolated  tissues  under  somewhat  different  conditions  of  elevated  temperature. 
Favertheless,  the  same  phenomenon  may  he  observed  in  all  the  cases  —  an  in¬ 


crease  in  heat  resistance  of  the  tissue . 

In  our  own  experiments  we  found  increased  resistance  at34  .  Accord¬ 
ing  to  the  literature,  this  temperature  is  regarded  as  threshold  for  the  frog 
sartor ius  muscle.  At  this  temperature  there  is  an  increase  in  the  sorption  of 
vital  stains,  contractiire  develops,  and  the  rate  of  anesthetization  of  the 
muscle  rises  markedly  (Butkevich,  19^8) . 


Thus,  our  data  reveal  the  presence  of  adaptation  to  the  injury  c£ 
high  temi^rature,  alcohol,  and  quinine  vheh  the  temperature  action  is 
close  to  the  threshold,  T.'N.  Cherepanova  and  i.P.  Suzdal* skaya  (195U).! 
noted  a  slmliar  'phenomenoh  in  their  3*esearch  on  the  cGinbihed  action  of  tvo 
salts  .  They  estahlished  thht  limlnal  ^d  subliminal  concentraticns  of  a 
single  stimulant  may  veaken  the  toxic  affect  of  strong  doses  of  another’ 
stimulant.  * ' 

After  Comparing  the  data  of  maiiy  investigators  (Gahrichevsltiy,  1887; 
Gets chlich,  1893;  Birodie  and  Elchardson,  1899;  ibagak:i>  I906;  Vro6man>  1907; 
Mlrskiy,  1937;  Butkevich,  (19^8) ,  B.  P.  Ushako‘v  (1955)  pointed  out  that  the 
threshold  of  primary  heat  contraction  of  the  muscuiature  is  hlgher  wlth  '  '  ' 
slow  heat  than  with  rapid  heat.  Thus,  In  frogs’ the  threshold  with  slow  horit 
is  37  to  whereas  it  is  3l»  to  35°  with  gradually  increased  heat'.  These 
data  indirectly  confiim  the  presence  of  adaptive  processes  in  muscular'  •'  : 

tissue  following  the  action' of  llmlnal  temperatta?es; 

The  problem  of  specificity  of  acclimation  interested  ThBrner,  who 
unsuccessfully  tried  to  find  out  whether  "acclimatized”  nerves  develop 
greater  resistance  tp  high  tempera tvire  and  to  smothering  in  nitrogen. 

V.  Ya.  Aleksandrov  and  K.  L.  Fel’dmah  (1958)  raised  the  queStibn 
specificity  of  increased  resistance  in  plant  cells.  They  discovered  that 
leaf  cells  "hardened"  to  temperature  become  marb  resistant  to  etl^l  -alcohol, 
acetic  acid,  and  high  hydrostatic  pressure,  but  not  to  MBmonia.’  Thus; 
"hardening'  cxf  plant  cells  proved  to  be  relatively  nonspecific .  '  This  T»aS 
also  the  case  with  miiscles  subjected  to  heat,  as  in  the  eipeflments  described 
above, 

The  ihcreased  resistance  noted  ^n  bur  experiments  was  only  the  first 
phase  of  the  muscular  reaction  to  preliminary  heating  bedauae  after  pd’olonged 
preliminary  Immersion  at  3b°  resistance  to  hi^  temperature  and  alcohol 
diminished.  Comparable  phasic  changbS  in  resistance  to  salts  were  observed 
In  paramecia  (L.  W.  Seraviii,  I958) .  • 

We  concluded  from  the  rbsults  of  our  experiments  and' the  findings 
of  Thftmer,  Jamada,  and  Zhukov  that  adaptatlcaa  under  eixperlmiental  conditions 
takes  place  in  many  tissues  bfHhe  organism.'  B.  i.  Ushakov  (1958a),  " 

A.  “F.  airmurtskiy  and  I/.  W.  Pisareva  (i958b) ,  and  others  showed ’that  heat 
resistance  of  the  animal  as  a  whole  is  lower  than  that  of  its  tissues. 

However,  adaptation  of  the  tissues  tb  high’  tempbraturb  occurs  with  heat  a.l- 
teratibns  that  are  fatal  to  thb  whole  organism.  ‘  Therefore,  cellular  adapta¬ 
tion  to  high  temperature  is  evidently  impossible  as  far  as'  the  nhole  organism 
is  concerned. _  V'  \ '  ■ . 

Findings  ’ 

1.  We  studied  the  effect  of  prbldmiMiiy  imnb  sartcrius 

muscle  at  3b^  of  varying  duration  oh  its  resistance' to  heat  and  to  dlferent 
chemical  kgents.  Resistance  to  these  injurious  agents  was  evaluated  by 
the  time  of  onset  of  nonexcitability  to  a  Sinusbldal  current.  ’ 


-  101 


2.  The  change  in  muscular  resistance  to  heat  during  preilminaiy  » 

boating  is  hiphasic  in  character:,  brief  heating  lengthens  t^  time  of 
onset  of  nonexcitability-, after  389 ,  the  maximum  increase  (58^)  ^  occurring 
after  15  minutes . ;  Longeripreliminary  heating  either  decreases  or  ^s  no  r 
effect  on  the  time  it;  takes  for  .nonexcitability  to.  develop  after  38  temp¬ 
erature.  ,  u...  ■»  ' 

3.  The  increased  muscular  resistance  noted  vas  relatively  non- 
Bpecific.  Eesistance  of  preliminarily  heated  muscles  rose  not  only  to  heat, 
but  also  to  ethyl  alcohol  ; ;  It  vas  not  found  after  injury  by  such  agents  as 
potassium  chloride^:  calcium  chloride,  chloral  hydrate,  or  hypotonia.  ^  ^ 

4,.  The  stope  of  the  * curve  showing  the  relationship  between  resistance 
1-0  alcohol  and  duration  of  preliminary  heating  duplicates  the  curve  of  chang-es 
in  heat  resistance .  Ihe  clminge  in.resistance  to  alcohol  is  biphasic,  the 

raaximum  (/21^  )  also  occurring  after  15  minutes  of  preliminary  heating, 
i-'.eferences  \  .;r.  i 

Aleksandrov,  V.  Ya.  1952.  %he  Eonnection  between  the  Heat  Besistance  of 

Protoplasm  and  Environmental  Temperature,”  DAK  SSSE  83^1*  149-152. 

Idem.  1956.  "Cytophyslologloal  Analysis  of  Heat  Besistance  of  Plant  ^ 

Cells  and  Some  Problems,  in  Cytpecology."  Bot.  zh.  41,  7-  939”?d1* 
Alelcsanirov,  V.  Y-.,  and  Fel’dman,  N.  Li  I958.  "An  Investigation  of  , 

.  Eeactive  ihGrease  of  Cell  Besistance  to  Heat."  . Ibid,  43 > ■ ^ *  19^“213«  , 
Arronet,  N.  I.  1959.  "Cell  and  Organism  Heat  Besistance  of  Bana  temporarla 
•  L.  and  Unio  orassus  Phllipsson  During  the  Different  Seasons  pf  the 
Year . "  Tsltologlya  1,  4 :  443-449  •  : 

■ratkevlch,  V.  P.  1948 .  - "The  Effect  of  Thermal  on  the  Muscular 

,  Tissue  of  the  Frog." Vestn.  LGU  l:  124-130.  • 

'^‘abrichevskiy,  0.  N.  I887.  "Muscular  Irritability  in  Eelat ion  to  the 

Physical  and  Chemical. Properties  cf  Myosin.":  Tr.  Fiziol.  lab. 

•.■■•rMOSk.  univ.  l:-,Ti-i40.  '  T;  ' ■  .■ 

Dzhamusova,  T.  /.  1^8.-'  "Heat  Besistance  of  the  Musculature  of  Some 

Fresh-Water  Moliusks."^"Tez.  dolk.  Nauchn.  sessii  Inst,  tsitologii 
AK  SSSB,  posvyashch.  XL  godoyshch.  Vel.Okt.  sots,  rev 

of  the  Scientif  ic  Session  of  the  .institute  of  Cytology  AH  SSSB, 

s.Dedicated  to  the  ,  4oth  Anniversary  of  the  G^raat  October  Socialist 

BeVolution7* ,  -  9 •  :  ■  .  -  ■ 

1959.  "An  Investigation  of  the  ^at  Besistance  of  Muscles  in 
Similar  Species  of  Marine  Mollusks."  Tez.  dotl.  II  soveshch. 
po  probl.  evolyuts.  fiziol.,  posvyashch.  pamyati  akad.  L.  A.  Orbeli 
.  ^^Pransactions  of  the  Second  Conference  on  -Problems  in  Evo^tionary 
■  physiology,.Dedicated  tp  t:te  Memory  of  Acad.  L.  A.  Crbeli/:  68. 
Zhirmunskiy,  A.  V.  1959.  "Heat  Besistance  of  / ctinia  and  ^heir  Ciliated 
Epithelium  Under  .Watural  Conditions  and  W ith  Experimental  Changes, 
in  Enviroimental  Temperature."  Tsitologiya  1,  3:  270-276. 


-  iob '- 


ZhlTEauiBklyi  and  Bisei-feva;  L.-sK.  j  1958a,  of  the 

‘  Tissues  6f  Some  Murine  Animals  Living  at  Various  Depths 
Tez.  dohl  Nauchn.  sessiya  Inst;  tsltologii  AN  SSSR,  posvyashch 
.  XL.  godovshch.  Vel.  0kt;"sot8.  rev.  19^10;  ; 

Idem.  1958b.  "An  Investigation  of  Heat  Keslstance  ^  8ame  Marine 

Invertehrates  a  Tissues ."  ciTez.  dpld..  VI  Vses;  s’yezda  anat., 

glstol.  1  eHfariol ■  V  Kiyeve  ^^oceedlngs  of  the  Sixth  All rUnlcai 
Congress  of  Anatomists,  Histologists,  and  Embryologists  in  Kl^rev, 
Khar*kob:  ;  ,  -  .  v~  ^ 

ZhlriftuhBkiy,  A.  V.iand  ShlyaMiter,  T.  A.  <.1959-  "Investigations  of  Heat 
Eesistance  of  Cold -blooded  Animals  and  Their  Cells  Following 
Experimental  Environmental  Changes."  Tez.  dokl.  Eoord  soyeshch. 

'  po  probleme  "Uzlovyye  voprosy  tsltologii  ^^^ansactlons  of  the  /  ;  _ 
Coordinating  Conference  on  "Main  Problems  of  Cytology^,  Leningrad, 

57-58,  "o  ,  ro'-- 

Zhukov,  Ye.  E.  ;  1935;  "Temperature  Parabiosis  of  the  Nerve  in  Connection 
With  Colorimetric  Changes  in  the  P^.^rablotic  Area."  •&.  Len.  obshob. 
yestestv.  6U,  3!  407-^28. 

Eusakina-,  A,  A'.:  1959.: -"Cytophyslological  Investigations  of  Muscular  Tissue 
With  Heterosis  in  Some  Interspecies  ^brids  of  Fish." 

Tsitologiya  1,  1:  III-II9. 

Svinkin,  V.  B.  1959.  "Heat  Eesistance  cf  the  Spermatozoids  of  Grass  and 
Lake  Frogs."  Tsitologiya  1,  5;  58O-586. 

Seravin,  L.  N.  I958.  "Changes  in  the  Eesistance  of  Paramecium  caudatum 
in  the  Process  of  Adaptation  to  the  salts  CaClg,  KaCl,  and  KDl." 

DAN  SSSE  121,  6:  1090-1092. 

Ushakov,  B.  P.  1955.  Issledovanlye  teploustoychivostl  muskulatury 

poykilotermnyjch  zhivotnykh  v  svyazi  s  uslovlyami  sushchestvovaniya 
Vida  ^n  Investigation  of  Heat  Eesistance  of  the  Musculature  of 
Poikilothermic  Animals  in  Eelation  to  the  Environmental  Conditions 
of  the  Specles7.  Author's  summary  of  dissertation,  Leningrad. 

1956.  "Heat  Eesistance  of  Cell  Proteins  of  Cold  Blooded  Animals  in 
Eelation  to  Species  Adaptation  to  Temperature  Conditions  of 
the  Environment.  Zh.  obshch.  biol.  17,  2:  154-l6o. 

1958a.  "Tissue  Adaptation  of  Polkilotherms  to  the  Environmental 
Temperature  of  the  Species."  In  the  collection  Evolyutslya  funWsly 
nervn  slst.  ^volution  of  the  Functions  of  the  Nervous  System/, 
Leningrad,  54-66. 

1958b.  "Conservativeness  of  Protoplasm  Proteins  in  Polkilotherms." 
Zool.  zh.  37,  5:  693-706. 

Cherepanova,  T.N.  and  Suzdal'skaya,  I.  P.  1954.  "The  Combined  Action  of 
Certain  /gents  on  the  Tissues  of  Cold  Blooded  Animals." 

Vestn.  LGU  1:  91-109. 

Shlyakhter,  T.  A.  1959.  "A  Comparative  Study  of  Heat  Eesistance  of 
Ciliated  Epithelial  Cells  in  Some  Species  of  Starfish.*' 

Tsitologiya  1,  4:  369-373. 

Brodle,  F.  G.  and  Eichardson,  S.  W.  F.  1899.  "A  Study  of  the  phenomena 
and  causation  of  the  heat  contraction  of  skeletal  muscle." 

Phil.  Tranaatst.  London,  ssr.  B,  19I:  127-146. 


Idem 

Idem. 

Idem. 


-  103  - 


Gotschlich,;  1/  1893^  der  Wfirmi  auf  Lange  und;  -  i; 

Dehnbarteit  des  elasiischeft  Gewetes  dnd  des  quergestrelften  Muskels. 
PflUg.  Arch.,  5^,  3-it:  109-164  :  t  :  "  V  , 

Inagahi,  C.  I906.  Beitrdge  ztir  Kenntnis  ;der  Wdriaestarre  des  Muskels. 

Zs.  Biol.,  48  (30):  313-339.  -  :  -  T  ■  '  f,  ij 

Jainftda ,  S .  1924 .  Wber  die  WiTlning  hftherer  Temperaturen  auf  sympat  ische 

Khltbliiterherveh . Ef lug i  Arch. ,  203,  i-2 ;  73^87 . 

Mirslsy,  A.  E.  1937A  Contraction  Of  J&uscle  and  denaturation  of  myosin. 

Proc.  Soc.,  exper.  hiol.  med.,  37>  1’  157-159.  ’ 

Thbrner,  V.  1919 .  Untersuhurigen  tiber  warmeerregung  und  den  Erscheinungskomp 
lex  der  ‘'Gevbhnung"  ^ei  der  letztereh.  'Zs  .  allgem;  Physiol., 

■  18,  -2: '-226-276.  K.'cv: 

ThUrner ,  W .  1922 i  Le itungsverlangsamung  und  Verr ihgerung  des  Stpff umzatzes 

alB  Gruhdlage' def  scheihbaren  "Gev&hnung"  dee  varmegeiahmt  ■  ; 

gevessenen  Nerven.  Pflug.  Arch.,  195 ^  6^  602-616. 

T-r-ooman,  G.  H.  1907.  Beat  rigor  in  vertebrate  muscle;  Blochem.  ’ 

■  avV  '2,-7:  363-376.  ^  -  / 

'  .I'.r.- ■  i  .-..'iEecelved  .3  July  1959 


-  loh 


EEEAEATIVE  EICTCT  OF  LIGHT  ON  ANIMAL  TISSUES  AFTER  IRRADIATION  WITH 
SHORTWAVE  ULTRAVIOLET  RAYS 

Pages  699-706  V.  L.  Levin 

Laboratory  of  Cellular  Adaptations, 
Institute  of  Cytology,  Academy  of  Sciences  USSR, 

Leningrad 

The  investigation  was  undertaken  in  order  to  find  ways  of  increasing 
the  resistance  of  tissue  cells  to  tiltraviolet  rays.  The  literature  con¬ 
tains  data  on  the  reparative  effect  of  light  on  monocellular  organisms  and 
sea  urchin  sexual  cells  irradiated  with  ultraviolet  rays.  However,  there 
is  no  coaiparahle  informatioh  on  the  tissue  cells  of  animals. 

Method  ■ 

A  BUY -15  lamp  was  the  source  of  the  ultraviolet  rays.  Voltage  was 
controlled  throughout  the  ©Kperiment  and  maintained  at  127  v.  It  has  hee::. 
established  (Neyshtadt,  1955^  that  80  to  ot  the  total  radiation  of  this 
lamp  is  on  the  line  of  2537  A.  We  used  Irradlance  (irradlancS  was  determined 
with  an  UFM-5  ultraviolet  meter  and  a  baktmeter  /?_/  designed  by  Golovkin 
end  Nosov.  I  offer  nor  sincere  thanks  to  Prof .  N.  A.  Golovkin  and  senior 
researcher  T.  A,  Svlderskaya  for  working  out  the  doses  and  for  numerous  con¬ 
sultations.)  of  from  to  292.5  mw/cm^.  Doses  were  differentiated  by 
changing  the  distance  from  the  lamp  to  the  object  within  the  range  of  26  to 
97  cm  and  the  time  of  irradiation  from  2.5  to  10  minutes. 

For  experimental  material  we  selected  the  ciliated  epithelium  of  the 
pearly  mussel  (Unlo  crassus)  gills.  This  tissue  was  able  to  survive  for  a 
long  time  expLanted;  the  condition  of  the  epithelium  could  be  determined 
from  observing  the  cilia.  The  gill  folioles  consist  of  a  great  many  fila¬ 
ments  arranged  dorsoventrally  and  separated  from  one  another  by  canals  on 
the  surface,  but  merging  underneath.  Three  types  of  ciliated  cells  nay  be 
r3iBtlnguished  in  the  filaments.  Along  the  central  portion  stretches  a  broad 
band  of  frontal  cells,  each  of  which  is  covered  with  small,  delicate  cilia. 
Angular  or  later of rontal  cells  are  found  on  both  sides  of  the  central  band 
with  very  large  cilia  that  are  thick  at  the  basfe.  On  both  sides  of  the 
filament  are  lateral  cells,  each  of  which  has  one  or  more  rows  of  medlum- 
alze  cilia. 

The  gill  foliole  responds  to  any  irritation  by  slow  contraction. 

The  canals  then  become  deeper,  the  filaments  higher  and  closer  together;  the 
latesofrontal  cells  of  the  adjacent-,  filaments  turn  toward  one  another  and 
close  up  the  canal.  This  also  happens  dviring  ultraviolet  irradiation.  The 
depth  of  injury  of  the  various  types  of  ciliated  epithelim  in  the  gill  varies 
with  the  location  of  the  cells  with  respect  to  the  rays.  We  therefore 
studied  only  the  frontal  cells,  which  did  not  shift  during  irradiation.  We 
used  the  eplthelliaa  of  the  ascending  lamellae  of  the  internal  folioles  of 
the  pearly  mussel,  i.e.,  the  epithelium  facing  the  foot. 
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Before  starting  the  experiments  ve  cut  Both  Internal  gill  folioles 
into  two  halves  and  distributed  the  pieces  of  gills  from  one  mussel  into 
four  Petri  dishes  with  a  salt  solution,  (consisting  of;  KaCl  -  1.08  g, 

1231  -  O.Oij  g,  CaCl-  -  0.05  g,  NaHCO-  -  0.3  g  per  liter  of  distilled  water.) 
the  epithelium  of  the  ascending  lairiillae  facing  up.  The  gills  from  three 
to  six  mussels  were  placed  in  each  dish.  Two  of  the  four  dishes  were 
Irradiated  at  a  temperature  of  about  20°  and  then  stored  at  5^.  One  of  the 
irradiated  dishes  was  hept  in  darkness,  while  the  other  was  illuminated  with 
a  daylight  lamp  (400  to  500  lux)for  the  first  3  days  after  irradiation. 

The  second  pair  of  dishes  was  not  irradiated,  but  tept  under  the  same  condi¬ 
tions  --  one  in  light,  the  other  in  darkness.  The  Irradiated  and  control 
jieces  were  examined  under  the  microscope  on  the  7bh,  3:2th,  and  17th 
"days  after  Irradiation  and  later  until  complete  necrosis  of  the  frontal 
epithelial  cells .  Following  examination  the  gills  were  transferred  to  a  now 
batch  of  the  solution  to  which  200  units  of  penicillin  per  ml  were  added. 
Lenses  of  12  and  20  power  and  eyepieces  of  I5  and  20  power  were  used.  Th? 
pieces  were  not  covered  with  cover  glasses. 

Ve  rated  the  condition  of  the  frontal  ciliated  epithelium  in  the 
control  and. irradiated  pieces  from  the  number  of  surviving  and  vibrating 
frontal  epithelial  cells.  Accordingly,  we  examined  50  to  100  fields  of 
view  for  each  piece  and  rated  the  eplthelliaa  on  the  representative  scale 
shown  in  Table  r. 

.  Table  1 

Representative  Scale  for  Rating  the  Condition  of  Frontal 

Ciliated  Epithelium 


Condition  erf*  epithelium  Point 


In  all  fields  of  view  the  cilia  of  all  cells  vibrate  0 

In  all  fields  of  view  there  are  Individual  groups  of  cells  : 

whose  cilia  do  not  vibrate  2 

la  the  portions  examined  the  cilia  of  approximately  one  fourth 

of  the  cells  do  not  vibrate  ^ 

In  the  portions  examined  the  cilia  of  approximately  one  half 

of  the  cells  do  not  vibrate  >  6  ' 

the  portions  examined  the  cilia  of  approximately 
three  fourths  of  the  cells  do  not  vibrate  ■  ;  8 

In  many  fields  of  view  there  are  groups  of  cells  with 

vibrating  cilia  among  the  dead  cells  10 

In  ell  fields  of  view  the  cilia  in  hone  of  the  cells 

vibrate  3.2 
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Along  the  ventral  edge  of  the  gill  follole  extends  a  broad  band 
whose  cells  have  much  higher  resista,nce.  In  the  toinjured  gill  this  outer 
zone  does  not  differ  from  the  other  areas,  and  even  after  death  of  the 
cells  elsewhere  on  the  surface  we  found  here  normal  movement  of  the 
ciliated  epithelium  of  all  three  types.  The  same  high  resistance  of  the 
outer  zone  also  occurred  after  high  temperature.  We  did  not  take  into 
account  the  condition  of  the  outer  zone  when  appraising  the  results  of 
irradiation.  Numerical  ratings  from  the  various  experiments  were  totaled 
according  to  ultraviolet  doses  and  days  following  irrad-latlon.  They  were 
then  processed  statistically  to  determine  the  reliability  of  the  differenced 
-between  the  variants  of  the  experiment.  We  used  the  mean  values  to 
construct  graphs  showing  the  rate  Of  necrosis  of  irradiated  tissue  under 
different  conditions.  Branchial  epithelium  from  mollusks  of  different 
sexes  does  not  react  the  same  way  to  irradiation  and  subsequent  light 
(Levin,  i960).  Hence,  the  data  in  this  paper  relate  only  to  the  mere  re¬ 
sistant  epithelium  of  females. 

BesultS; 

In  most  instances  almost  all  the  cilia  vibrated  in  freshly  excised 
gills.  The  epithelium  of  the  control  pieces  did  not  change  significantly  for 
25  to  30  days,  durliig  which  time  only  a  few  cells  died.  After  30  or  35 
days  the  Cells  died  Off  more  rapidly  and  by  the  55th  day  the  cilia  in  half  , 
the  cells  on  the  average  were  vibrating.  However,  in  some  pieces  the  cilia 
in  a  substantial  number  of  frontal  epithelial  cells  were  vibrating  even 
up  to  the  70th  day.  - 

No  morphological  changes  deVeloped  after  irradiation;  there  was 
merely  accelerated  Ciliary  movement.  Some  I8  to  30  hours  later  ‘-.-■depend¬ 
ing  on  the  irrCdiation  dose  —  the  nuclei  of  the  cells  becCme  noticeable 
and  the  protoplasm  began  to  get  cloudy;  larger  lumps  And  vacuoles  appeared 
in  the  cytoplasm  and  nucleus.  The  cells  became  rounded,  lost  contact 
with  their  neighbore,  and  separated  fresm  the  tissue.  Besides  the  cells 
that  remained  in  their  places  but  which  lost  ciliary  movement,  we  could 
see  rounded;  freely  swimming  cells  with  cilia  vibrating  rhythmically. 

Eesults  of  our  observations  are  shown  in  Table  2  and  Figures  1-3 . 


.  .  ■  ^Table  2  _  ,  ^  j  . 

Effect  of  Li^t  on  Irradiated  Ciliated  Branchial  Epithellnia  of 

the  Pearly  Mussel 

(Mean  ratings, of  the  condition  of  the  epithelium  are  given 
in  points  on  a  representative  scale) 


Dose  in 

Conditions  of 

Time  after 

irradiation 

t  (in  days) 

2 

.nin./c^ 

l/H©  XIUCJII O 

3 

7 

12 

17 

(not  ' 
Irradiated) 

Kumber  of  experiments 
Hot  illuminated 
Illuminated 

®  “dif 

55 

;  0.76/0.14 
0.86/0.13 
i  0.10/0.19 

45 

1.14/0.17 

1.02/0.17 

0.12/0.24 

1.27/0.15 

1.24/0.15 

0.03/0.22 

'35 

1.41/0.2;' 

1.34/0.18 

0.07/0.27 

220  ■ 

Number  of  experiments 

Not  illuminated 

Illuminated 

D  /  m 

^  dif  ,  ■ 

10  )■ 

0. 10/0. 10 
0.20/0.08 
0.10/0.13 

10 

1.30/1.64 

0.40/0.22 

0.90/0.68 

10  ; 
3.70/0.49 
0.80/0.25 
2.90/0.55 

333 

Number  of  experiments 
Not  illuminated 
Illuminated 

17 

0.24/0.17 

0.18/0.21 

0.06/0.27 

17 

2.28/0.30 

0.50/0.19 

1.78/0.35 

17 

5.22/0.30 

1.28/0.29 

3.94/0.42 

,  .22. 

6.86/0.37 

2.18/0.38 

4.68/0.53 

577 

Nuinber  of  experiments 
Not  illuminated  : 
Illuminated 

®  ^  “dif  :  '  ^ 

15 

1.80/0.35 

0.87/0.19 

0.93/0.40 

15. 

6.80/0.31 

3.87/0.24 

2.93/>.39 

19 

8.74/0.21 

6.26/0.27 

2.48/0.35 

.  :  19 

10. 26/0 .20 
7.26/0.26 

3.00/0.33 

922 

Number  of  experiments 
Not  illuminated 
Illuminated 

» ^“dif 

12 

3.50/0.50 

2.83/0.52 

0.67/0.72 

12 

7.50/0.61 

6.67/0.62 

0.83/0.87 

m 

12' 

9.42/0.36 

8.33/0.47 

1.09/0.59 

12 

LO. 42/0. 34 

9. 00/0. 3 '• 

1.42/0.47 

1145 

Number  of  experiments 
Not  illuminated 
Illuminated 

*  /“dif 

14 

6.00/0.68 

5.50/0.84 

0.50/1.40 

14  1 

8.80/0.46 
8.40/0.48 

0.40/0.67 

14 

9.70/0.50 

9.20/0.47 

0.50/0.68 

mm 
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Table  2  (Cont) 


Time  after  irradiation  ( in  days) 

;  25  ,  ■ ; 

31 

,37^^; 

%k. 

V'!52; 

•  -  /  "  r'..-  ,  ‘  ■ 

(not  ‘  'v  \ 

irradiated) 

‘25, 

25 

:  25 

25 

lU 

2.00/0.23 

2.38/0.10 

2.96/0.36 

4.32/0.63 

5.15/0.85 

2.12?0.26 

2.52/0.10 

3.46/0.47 

5.24/0.63 

6.14/0.88 

.  ■  .  .  j.  ■'  ■  ,  i 

0.12£0.35 

0.14/0.14 

0.50/0.59 

0.92/0.90 

g. 99/1; 22 

220 , 

;  1 

mm  mm 

333 

*•»  «» 

22 

^  22  "" 

22 

mm  mm 

22 

22 

9.09/0.37 

10.73/0.24 

11.59/0.14 

12.00 

12.00 

.  S.  ■  •  i  ^  ;■ 

3.41/0,46 

4.81/0.44 

6.23/0.51 

7.32/0.60 

9.50/0.49 

5.68/0.59 

5.92/0.50 

5.36/0.52 

4.68/0,60 

2. 50/0. 49 

:  577.:.', ,  'v 

19, 

19 

19  ; 

mm  mm 

11.79/0.13 

12.00  . 

12.00 

mm  mm 

' 

9.42/0.29 

10.68/0.23 

11.37/0.12 

— 

2.37/0.31 

mm 

1.32/0.23 

0.63/0.12 

0m  mm 

922 

12 

J.-. 

. 

12 .00 

-- 

10.67/0  45 

mm 

• 

— 

mm  mm 

1.33/0.45 

-- 

«M  mm 

1145 

14 

’  i.  '- 

-- 

-- 

11.88/0.29 

11.20/0.30 

wm  mm 

M  M 

:: 

0.67/0.42 

mm  mm 

-- 

. 

,  i 
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The  tables  and  figures  shbv  that  all  the  cells  irradiated  with 
ultraviolet  rays  and  kept  in  darkness  died  off  much  faster  than  the 
nonirradiated  cells; , the  rate  of  necrosis " of  the  irradiated  cells  in¬ 
creased  with  the  size  of  the  dose  ahd  ranged  from  teiis  of  hours  to  tens 
of  days. '  The  halves  of  the  same  gills  iffadiated  at  the  same  time  and 
illuminated  for  the  first  3  days  aftei*  irradiation  with  relatively  high 
doses  (900 'to  l400  nor.  min./oa  and  higher)  died  at  the  same  rate  as  those 
tept  in  darkness.  With  smaller  doses  (200  to  600  mw.  min. /cm. the 
difference  between  the  condition  of  the  epithelium, kept  in  darkness  and  In 
light  became  increasingly  sharp.  .  l^fe  is  evidently  some  threshold 
radiation  dose;  with  higher  doses  the  reparative  processes  cannot  take  place. 
If  the  dose  is  subliminal^  however,  subsequent  illumination  activates  the 
reparative  processes,  as  shown  by  decreased  hecros is  of  individual  cells  and 
prolonged  survival  of  the  explant 

The  condition  of  the  explant  can  also  be  taken  into  account  when 
about  half  the  irradiated  cells'  of  the  frontal  ciliated  epithelium  are 
stesred  and  continue  to  function  (Table  3)v 

Table  3 


Time  of  Death  ef  Half  the  Irradiated 'eells  (in  days)  After 
'.Five  Minutes  of  Irradlat ion 


Distance  from 
lamp  to  Irradi-  j 
ated  piece  j 

(in  cm) 

Dose  of  ultra¬ 
violet  rays 
:  (in  mw.min./cmr) 

Storage  condition  after  Irradiation 

in  darkness 

in  light  for  first 

3  days 

30.0 

1147 

i  ^-0 

4.5 

34.0 

922 

5.5 

6.5 

**3.0 

577 

6.0 

11.5 

58.0 

330 

14.5 

,37.0 

The  therapeutic  effect  of  light  can  be  very  clearly  seen  in  Table  3, 
which  shows  that  illumination  after  large  doses  has  no  influence  on  the 
Irradiated  epithelium,  but  that  after  small  doses  it  more  than  doubles  the 
survival  time  of  the  cells. 

The  data  cited  above  were  obtained  from  the  Irradiated  and  control 
pieces  stored  at  5°.  We  first  attempted  to  ascertain  the  effect  of  storage 
temperature  on  the  course  of  injury  and  the  reparative  processes  in 
irradiated  epithelixan.  Petri  dishes  containing  bits  of  gills  from  the 
same  mussels  irradiated  simultaneously  were  kept  at  5°  and  15°  either  in 


darfeness  tl^oughout  or  in  light  for  3  days  after  irradiation.  At  ,15° 

Lyphae  of  fungi  develop  rather  rapidly,  and  it  is  impossihle  to  follow  ^ 
through  to  the  end  the  fate  of  explants  Sui^rivlj:^  a  fairly  lone  '•'1“©  after 
illinalndtion.  Within  as  little  as  3  days  af^r  Irradiation  the  epithelium 
Icept  in  darfeness  at  15°  vas  lii  cpnsiderahly  poorer  conditicaa  and  then  died 
off  much  more  quickly  than  at  5°.  The  destructive  processes,  as  was  to  he 
expected,  proceeded  more  rapidly  at  high  tem^ratures.  However,  even  after 
Illuminati oh  that  strengthened  the  reparative  processes,  epithelium  kept 
at  150  (hut  riot  at  5°)  was  nevertheless  in  poorer  condition,  (to  the  other 
hand,  the  dlfference  hetween  illuminated  and  honilluminated  eplttelium  was 
more  pronounced.  j-i,- 

The  results  of 'these  experinehts  axe  represented  by  the  oiaveB  in  , 
Figure’s  2  and  3>  which  ere,  constructed  the  same  way  as  in  Figure  1.  , 

Discussion  :  ,  ■  , 

Our  findings  cbirelate  well  with  the  published  ^ta.  I.  F.  Kovaler 
(19^9)  and  Kimball  (1949)  la  protozoa,  Eelner  (1949a)  a^'^  WoTlok  and  Szilord 
(1949)  ih  bacteria,  and  I.  F.  Kovalev  (I949)  in  rotifera  found  that  li^t 
repairs  injury  caused  by  ultraviolet  rays.  Subsequent  research  showed  that 
V isible  light  tends  to  retard  the  development  of.  all  the  changes  known  to 
arise  after  Ultraviolet  irradiation  and  even  to  restore  the  normal  condition 
of  irradiated  objects.  This  phenomenon  --called  photoreactivation  has 
been  Studied  in  detail  by  I  F.  Kovalev  (1949,  ^953 ^  1998)  ©ud  i.  E. 
Lozina-Lozinsldy: (1959)  In  protozoa,  pulbecco  (195Q)  ia  bacteriophages, 

Bawden  and  Kleczkowski  (1952)  in  viruees  ar^  plant  leaves,  Eelner  (194 9t) 
in  fungi,  Blum,  Eobinson,  and  Loos  (1951)  ©hi  iiarshak  (i949)  in  the  gametes 
of  sea  virchihs,  and  Blum  and  Me-t thews  (1952)  in  salamander  larvae. 

It  has  been  established  that  photoreactivatlon  is  a  specific  action 
of  visible  light,  which  shows  up  only  after  ultraviolet  irradiation  injury. 

The  following  facts  are  known  about’  the  physicoche^cal  mechanism  of  the 
phenomenon.  ShOrt-wave  ultraviolet  (  X-  2506  to  2600  a)  causes  the  maxi¬ 
mum  injury  in  biological  objects.  Lohg-wave  uitravlolet  rays  andblue-- 
ultraviolet  rays  of  visible  li^t  possess  photpreactive  action  (3300  to 
4800  A,  according  to  Dulbecco,  1955)  or  2800  to  4700  A,  according  to 
Kovalev  (1958) .  Short-wave  ultraviolet  fays  are  largely  absorbed  by 
milecviles,  which  are  destroyed  in  the  process,  injuring  normal  DHA.  synthesis 
in  the  cell.  There  is  a  discharge  of  acid-soluble .phosphorus  fractions 
that  are  remnants  of  precursors  of  DKA  molecules  from  irradiated  bacteria 
kept  in  darkness  (Eelner,  .  1953 j  G^rundlyand  aipd  others,  ,1958)  r.  ^hotoreacti- 
vation  can  take  plaOe  foliowlhg  the  action  of  light  only  a  short  time  after 
irradiation.  Photoreactivatlon  is  evidently  caused  by  polymerization  of  remnai 
of  DM  molecules  that  failed  to  escape  from  the  cell  and  resynthesis  of 
DM.  (Grundlyand  and  others,  1958) .  ,0n  the  other  hand,  the  fact  that  . 

photoreactivatlon  caries  with, the  temperature  and  that  its  Q.. a  changes  from 
‘-^2  in  the  region  of  37°  t©  iii  the  region  of  .0°  (Dulbecco,  1955)  •  • 

suggests  that  light  affects  riot  the  primary  photochemical  reaction  taking 
place  at  the  moment  of  ultraviolet  action,  but  the  course  of  the  secondaiy 
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chemioal  treactiohs  in  tile  irradiated  oeli.  Latar^et  points  out  in  his 
survey  (195^)  that  light  does  not  act  dii'ectly  on  remhants  of  DM  niolecules 
in  irradiated  oh Jects,  but  involves  the  metabolism  of  the  entire  cell  in 
the  reparative  processes.  For  example ,  :^radlated  sperm  can  be  photoreact- 
ivated  only  dfter  the  egg  cell  is  fertilized,  and  in  the  case  of  a  virus 
when  the  host  cell  is  infected.  .  .  V  ^  ' 

y.  Ya,  i  leksandrov  (195^)  made  a  detailed  study  Of  the  effect  of 
t  eraperatvire  bn  the  development  of  injury^  in  Irradiated  cells  of  Infusohians 
wlthbut  reference  to  photoreactivation.  A  small  rise  in  temperatui*e  with¬ 
in  the  temperature  optimum  emphasizes  the  destructive  or  reparative  processes 
that  are  predcaninant  at  a  particular  tiute  .in  the  toadiated  Cell.  Teipera- 
t  ures  sharply  deviating  in  either  directlbh  from  the  optimum  Cohstitute  an 
additional  source  of  injury  worsening  the  condition  of  infusorians. 

We  discovered  two  things  in  our  experiments  with  the  storage  of 
identically  irradiated  epithelium  at  various  temperature.  First,  5°  1® 
obviously  closer  to  the  temperature  optimum  bf  the  pearly  mussel  than  15°? 
.secondly,  at  these  temperatures  the  destructive  processes  nevertheless  pre¬ 
dominate  over  the  Separative ■ processes  in  irradiated  epithelium  even  aSfter 
illumination. 

Thus,  Irradiated  cells  of  branchial  ciliated  epithelium  of  the  pearly 
mussel  show  the  powerful  reparative  effect  of  li^t.  The  latter  is  undoubted¬ 
ly  to  be  classified  with  photoreactivation  phenomena,  even  though  it  was  im¬ 
possible  after  irradiating  explanted  bits  of  tissue  bf  kulticellular  organs 
to  obtain  complete  recovery  of  the  vital  activity  of  the  ceils  after  the 
period  of  depressibn  described  by  other  invest igatorB  in  experiments  with 
infusorians  (Kovalev,  19^9, ;1953,  1956;  Lozlna-Lozinskiy,  1959) , 

Findings  '•  ^ 

1. '  Ultraviolet  rays  cause  injury,  which  grows  with  time,  to  the 

b’canchial  ciliated  epitheiinm  of  the  pearly  mussel.  o 

2.  With  moderate  irradiat ion  doses  (606  mw.  min. /cm  )  visible  light 
•luring  the  first  3  days  after  irradiation  considerably  increases  the  resist - 
csce  of  cilia'ted  epithelial  cells  to  the  injurious  action  of  ultraviolet  rays. 

3.  Partial  recovery  or  delay  in  the  appearance  of  irradiation  injury 
caused  by  the  action  Of  ll^^t  resembles  the  phenomenon  of  photoreactivation 
described  earlier,  'y 

4 .  Experiments  involving  the  storage  of  epithelium  at  different 
temperatures  showed  that  at , 15°  injury  in  irradiated  epithelial  cells  develops 
much  more  rapidly  than  at  5°  both  in  darkness  and  in  light. 
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A  number  of  investi^ tors  have  fecentiy  estahlish^  that  the  peculi¬ 
arities  of  actincaaycetes  growth  arid  capacity  fei*,  antibiotic  biosynthesis 
under  the  conditions  of  deep  fernentatlon  are  closely  related  to  the  sources 
of  nitrogen  nutrition  (Orlova  and  Verkhovtseva,  i957j  Grabovskajray  1959; 
Bringberg,  Surikbva,  and  Grabovslsaya,  1959^^ 

Tills  paper  elucidates  *tli©  relationship  of  the  microjiiorphblo^  or 
its  culture  develoiansntal  peculiarities  to  the  conditiems  of  nitrogen 
nutrition,.;-.. 


Material  axid: .Method 

"  a  culture  of  Ac t inogyee s  aureof ac iens  strain  LS-536  served  as  materia 
for  the  investigation.  Inoculated  mycelium  toS  groim  on  a  medium  with 
2$  corn  extract  (dry  weight)  and  2.5^  starch  for  30  TaoxacB  and  introduced  in 
the  amount  of  into  a  fermentation  medim,,  fermentation 

medium  contained  corn  extract  ash  and  consisted  of  the  following:  com 
extract  ash  -  0.03f;  WO,  -  0.5?^,  HaCI  -  0.2^,  CaCO,  -  0.5^,  Starch  -  ^ 
2.5^,  pH  ,-6.8  to  7.0.  Ihd  only  ii^redient  in  this  mSdlum  containing  nitro¬ 
gen  ms  NHiiNO,,  which  w-.s  recoi^nded  for  this  strain  by  N.  V.  Orlova  and 

T.  P.  Verl^ovxseva  Xl957)  •  In  the  experimental  media  NHjjNO^  of  the  Control 
medium  was  replaced  with  86ybean,meal,  soybean  grist,  peanut  oil  calce,^wea, 

and  amino  acids  (alanine,  glycocoll,  asparaginic  acid,  leucine;  Table  1) 

and  the  hydrolyzates  of  soybean  grist  and  casein  in  an  amount  equivalent  to 
the  aimionia. nitrogen.  'The  ureS  and  amino  aCids  were  first  dissolved  in 
water,  sterilized  by  passage  through  a  Seitz  filter,  and  placed  in  the 
medium  just.before  Ihoculatloh.  After  chalk  and  other  constituents.  ^  of 
the  nutrient  meditua  (sterilized  separately)  werS  put  into  the  experimental 
flasks,  ell  the  media  were  alkalized  in  a  sterile  manner  with  20?.  NaOH  or 
acidified  with  2  n.  HCL  to  a  pH  of  6.8  to  7.0. 
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.  ,  ,,,  :  TalJle  1.  . 

Amount  of  Nitrogen  From  Different  Sources  in  mg  per  lOO,  liL  Of  Medium 


Ammonia  nitrate  (Control)  ^ 

■  500  . 

Soybean  meal  . 

1100 

Soybean  grist 

940 

Peanut  oil  cake 

1000  .  ’  :: 

Casein 

..  ..  .■630 

Urea.  .  ■  ,  ..  ■ .  .. 

'■  d9o  r  .....  .  ; 

Alanine'  1 

. ' ,'.560'  ,  . 

Glycocoll 

. .470  .  ' 

Asparaginic  acid 

840 

Leucine  , 

D25  ■ , 

The  innoculated  mycel ium  Incuhated  and.  fermented  in  Irlenmyere  flasks 
of  750  3d1  capacity  vith  125  ml  of  UBdiurn  placed  in  a  rot^y  shatef  (200  ri^^ 
at  28°,  Femientation  took  4  days,  in  some  variants  about  8  days.  During 
fermentation  samples  of  the  culture  fluid  vere  tested  daily  r-  for  pH 
potent iometrically,  carbohydrate  by  Shorl’s  method,  velght  of  dry  mycelium 
by  drying  at  105°  and  subsequent  weiring,  antibiotic  “activity  by  the  method 
of  diffusion  in  agar  after  acidification  of  the  culture  fluid  with  an  acid 
salt  to  a  pH  below  2.5.  Sporogenous  bacilli  of  the  B ,  subtilis  type  served 
as  the  test  Organisms.  For  microscopic  examination  of  the  morphological 
structure  of  the  culture  and  degree  of  basophilia  of  the  protoplasm,  which 
.  indicates  its  BNA  content,  we  used  slightly  dried  mycelium  on  a  slide  fixed 
with  Garnoy*s  fluid.  To  study  the  nuclear  elements  and  determine  their  . 

DNA  content,  we  stained  the  mycelium  according;  to  Feulgen  and  with  a  GiesBa — 
•light  green  solution  (accordlrtg  to  Peshkov)  after  preilmlnary  hydrolysis  in 
i  n.  HCL  for  7  minutes  at  60°. 

Results  ,  ’V'_,  ' .  ':J'  .  .  . . .  ; 

!IJiie  medium ‘with  corn  extract  ash  and  HHijNO-  as  the  single  source 'Of 
nitrogen,  which  wqs  the  cohtrol,  exhibited  a  good'^grOwth  of  the  dulture  and 
ra.pid  consumption  of  the  carbohydrates.  We  described  in  detail!  the  develop¬ 
ment  of  the  culture  in  another  paper  (Eitz,  195?)  •,  i  It  is  characterised 
by  vigorous  ^dwth  of  homogeneous  ba.8ophilic  mycelium  in  the  first  phase 
and  by  the  appearance  of  a  mass  of  fine  hyphae  with  weakly  basophilic 
cytoplasm  and  numerous  nuclear  elements  not  overloaded  with  DNA.  lii  the  ^  * 
s  ecohd  pihaSe .  The  antibiotic  activity  of'  the  culture  fluid  attains  a  level 
of  500  units/^.^  ,  _  ‘  i  V  i  iii- 

i.In  four  media  where  the  HH.N0_;waB  replaced  with  complex  products  , 
containing  chiefly  nonhydrolized  fiprmS  of  nitoogen  (soybean  meal,  soybean 
grist,  peanut  oil  cake,  and  casein),  the  culture 'developed  for  the  most 
pai^  according  to  one  type,  which  was  in  marked  contrast  with  that  pbSer'ved 
in  the  control.  In  the  first  phase  of  fermentation,  the  mycelium  proto- 
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plasm  vas  rich  in  EM,  vhich  determined  its  high  degree  of  basophilia  as 
compared  vith  the  control  and  ensured  Intensive  growth  of  the  biomass 
fiTigure  1,  Ij  Figure  2,  l),  the  veight  of  vhich  vas  693  ^  ‘the  medim 

vith  casein .•  It  vas  technically  difficult  to  calculate  the  b lomass  from 
the  dry  veight  of  the  mycelium  on  the  other  three  media  because  unused 
particles  of  soybean  meal,  soybean  grist,  and  peanut  oil  cake  settled  on 
the  filter.  Hovever,  the  miscroscope  showed  the  development  of  a  large  mass 
of  mycelium  on  these  media  too  after  12  hours  of  fermentation,  accom^nied 
by  the  growth  of  very  large  radiating  microcolonies  with  thick,  straight, 
nonbranching  or  slightly  bia,nching  hyphae  that  frequently  formed  huge 
clusters  (Figure  1,  1) .  After  2k  hours  of  growth  basophilia  of  the  protoplas.-;. 
f/harply  diminished  (it  began  in  the  control  after  12  hours  of  growth) . 

Numerous,  large  nuclear  elements  intensively  staining  according  to  Feulgen 
(Figure  2,  k)  could  be  clearly  distinguished  in  the  weakly  basophilic  cyto¬ 
plasm  (Figure  1,  2  and  3;  Figure  2,  2  to  6).  This  characteristic  of  the  ^ 
ouclear  elements  of  the  mycelium  grown  on  the  nutrient  medium  in  these  variants 
revealed  tire Ir  .high  DKA  content  and  sharply  differentiated  it  from  the  myccilu.m 
c’jiltiaated  on  the  conirol  mediu.  The  ability  cf  the  nycelium  containing 
nuclear  elements  overloaded  With  DM  to  'form  c^ortetracycline  markedly  ce- 
creased  (Table  2) .  Autolysis  of  the  mycelixim  began  after  72  hours  of 
ferflieiitatiori,;  The  culture  fluid  was  Strongly  pi^ented]|  its  antibiotic 
activity  did  not  exceed  150  uiiits/ml. 


Physiologic  Indi  the  Development  of  an  Actinomyces 

AuTeofaciens  Culture  on  Media  Vith  different  Sources  of  Nitrogen 
•  ■  Nutrition t'.  V 


Sources  of 
nitrogen 

pH 

Biomass 

(in  mg^j 

Carbohydrates,  Activity  (in 
(in  units /ml) 

nutrition .  r 

;  hGvirB  of*,  development 

2k 

24 

48 

72 

24 

48 

72 

48' 

72 

Aimnonla  nitrate 

6.k 

6.4 

6.8 

626 

747 

566  ...i 

.q.88 

0.17 

Traces 

1  244  - 

482 

Soybean  meal 

6.k 

5.8 

6.8 

0.94 

0.85 

0.49 

0.02 

60 

67 

Soybean  grist 

6.6 

6.5 

6.6 

—  : 

1  ’ 

0.51 

0,32 

95 

123  . 

Peanut  oil 
cake 

6.6 

6.6 , 

6 '8 

.1; 

M  Ml 

0.80 

0.62 

. 

0:02 

161 

133 

Casein 

S.k 

6.4 

6,8.: 

253 

642 

693 

0,72 

0.66 

0.08 

156  ■ 

152 

Casein  hydro-  ; 
:lyzate 

6.8. 

7.6 

7.8 

551 

658 

■  609 

o.6c) 

6.09 

Tracefi 

88 

105  ■ 

Soybean  grist 
hydrolyzate 

6.6 

6.7 

6.8 

560 

667 

622 

0.60 

0.32 

0.08 

113 

143 

Urea 

7.0 

6.9 

7.4 

7.6 

^  : 

107 

0.99 

0.88 

;0 

0 

GlyCocoll 

7.8 

8.0 

190 

276 

500  ’  ' 

1.13 

0.59 

0.08 

6 

^7 

Alanine  : 

6.9 

7.6 

8,1; 

322 

450 

788  ; 

1.33 

0.59 

0.02 

5 

Asparaginic  ' 
acid 

7.1 

7:7 

8.2 

123 

I92 

302""' 

i(4o 

0.65 

0.02 

17 

■  1' 

1,0  uc  ine 

6.9 

7.1 

7.4 

115 

190 

156 

1.39 

1.36 

1.26 

1 

p^racesj  Tracer 
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On  inedia  vlth  casein  or  soybean  grist  hydrolyzates  the  culture  devel¬ 
oped  more  rapidly  than  the  control,  and  the  micrcmorphology  of  the  mycelium 
clearly  changed.  Large  microcolbnies  developed  rapidly; In  the  first  phase, 
sometimes  forming  a  meshvork  of  mycelium.  ;  A  Substantial  part  of  the  mycelial 
mass  vas  formed  Within  24  hours  of  fermentation  by  basophilic,  thickened 
fragments  of  hyphae  typical  of  media  with  high  cozn  extract  content  rich 
in  bhe  products  of  protein  hydrolysis ^  Unevenly  thickened  branching 
hyphaO  (Figure  1,  4),  which  were  also  characteristic  of  the  inedium  with- 

glycocoll  (of.  belowl,  developed  on  the  medium  With  the  soybean  grist  hydro- 
lyzate.  The  mycelial  gass  grew much  faSter  than  on  the  corresponding  media 
with  ttonhydrolyzed  proteins  (Table  2).  The  Weight  of  the  biomass  on  the 
mediumi  with  casein  ims  253  mg/^  after  24  hours  of  fermentaticm,  reaching 
its  maximum  on  the  third  day  (693  mg/?^) .  ' On  the  other  hand,  t^  medium 
with  the  casein  hydrolyzate  produced  a  biomass  weighing  551  mg/^  after 
24  hOurs  of  fermentation,  reaching  its  maximum  (practically  the  same  as  the 
casein  medium  -^658  mg/>)  on  the  second  day,  after  which  autolysis  reduced 
the  weight  of  the  biomass.  We  observed  a  similar  picture  on  the  medium 
with  the  soybean  grist  hydrolyzate  (Figure  1,  5) *  There  was  a  corresponding 
acceleration  and  consumption  of  carbohydrates  (Table  2).  Basophilia  of 
the  protoplasm  in  the  clearly  discernible  and  fine  hyphae  decreased  tnickly. 
We  could  ditingttish  in  the  protoplasm,  jttet  as  in  the  above -described  media 
with  nonhydrolyzed  f oiTns  of  notrogen,  numerous  nuclear  elements  (frequently 
rod-shaped)  that  stained  intensively  according  to  Feulgen  (Fig\a?e  1,  6). 
Antibiotic  activity  of  the  culture  fluid  did  not  exceed  I50  units/ml.  . 

•  pevelo^nt  of  the  culture  cn  media  with  urea,  asparaginic  acid, 

BTik  lOucine  laa  characterized  by  thet  formation  of  isolated  microcolonies 
and  extremaly  low  basophilia  of  the  protoplasm,  beginning  with  the 
earliest  hours  of  development  (8  to  12  hours,  cf.  Figure  3jl). 

This  indicated  marked  suppression  under  the  conditions  in  the  given 
iMdia  of  the  abililgr  of  the  protoplasm  to  synthesize  BHA  in  the  first 
phase  Of  development,  which  fully  matched  the  strong  Buppreesion  of  culture 
growth  and  its  weak  consumption  of  carbohydrates  (Table  2).  The  maxlmm 
/weight  of  the  biomass  on  the  medium  with  asparaginic  acid  was  reached  with¬ 
in  72  hours  and  only  amounted  to  302  mg/^,  but  on  the  media  with  urea  ,  r 
and  leucihe  grotirth  stopped  bn  the  second  day  ,  the  biomass  weighing  100  to 
190  mg/^.  The  mycelium  on  these  media  was  not  uniform:  single,  short, 
twisted,  segmented,  and  thickened  hyphae  developed  among  weakly  developed, 
fine  hyphae.  on  the  second  day  protoplasm  cf  the  hyphae  on  themed ium‘ 
tith  urea  tended  to  form  vacuOlOs  (Figure  3»  2  and  3)  •  -After  the  48th  hours 
of  growth  the  culture  fluid  became  alkaline.  Nuclear  elements  at  this 
time  were  varied  in  size  and  stained  weakly  according  to  Feulgen.  Practi¬ 
cally  no  antibiotic  was  produced. 

On  the  media  with  alanine  and  glycoOoU  as  the  sole  sources  of  nitro¬ 
gen,  numerous  microcolonies  with  very  thick  centers  developed  within  24 
hours  of  fermentation.  The  hyphae  were  short,  branching,  segmented, 

'angular  (figure  3,  4).  The  character  of  the  growth  changed  within  48  hours. 


Finer,  longer,  nonbranching,  discontinuous  hyphae  developed  in  the  culture 
fluid  (Figure  3^  ^)*  The  intense  basophil®®  of  the  protoplasm  i^icative 
of  its  high  EKA.  content  remained  after  hours  of  fermentation  (Figure  3, 

5) .  This  was  evidently  due  to  the  prolonged  growth  of  the  culture.  The 
weight  of  the  blomaes  on  the  medium  with  alanine  attained  its  maximum  of 
788  Tss/i  on  the  third  day;  the  growth  was  less  rapid  on  ttie  medium  wl;bh  ,  - 
glycocoU.  The  carbohydrates  were  consumed  clowly.  The  nuclear  elements 
were  very  large  in  the  wealdy  basophilic  protoplasm  of  the  hyphae  during  , 
the  secoM  phase  of  development  and  stained  intensively  according  to  Feulgen 
until  fermentation  ceased.  There  was  a  sharp  decrease  in  the  ability  to 
produce  the  antibiotic.  In  media  where  amino  acids  were  the  only  source  of 
nitrogen,  autolysis  of  the  mycelium  started  after  only  6-7  days  of  ^owth. 

Thus,  cytologic  investi^tlon  of  the  wganism  producing  chlor-  ^  ^ 
tetracycline  when  grown  on  media  vith  different  sources  of  nitrogen  nuti-~ 
tion  showed  a  close  relationship  between  the  nature  of  mycelial  growth,  ^ 
development,  siaructure,  and  ability  to  produce  the  antibiotic  and  the  co* -.i- 

tions  of  nitrogen  nutrition.  '  , 

HHhNO  sis  the  only  source  of  nitrogen  in  the  medium,  ensured  the  synthe* 
•  sis  Of  Em  a2d  swift  growth  of  homogeneous  mycelium  in  the  first  phase  of 
fermentation  and  the  appearance  in  the  second  phase  of  a  mass  of  fine  hyphae 
growing  lengthwise  with  weak  basophilic  cytoplasm  and  numerous  nuclear  ^ 
elements  not  overloaded  with  DKA  —  typical  hyphae  capable  of  producing  the 

antihioticj.  '  ^  • 

The  substitution  of  complex  products  in  a  given  medliim  for  HH4KO  -- 
soybean  meal,  soybean  grist,  peanut  oil  cake,  or  casein  —  stimulated  the 
development  of  very  large  microcolonies.  The  ENA  dynamics  in  the  proto¬ 
plasm  was  coBiparable  to  that  of  the  control  but,  unlike  it,  the  DNA  content 
in  the  nuclear  elements  of  the  hyphae  in  the  second  phase  of  fermentation 

rose  markedly.  ,  , 

The  ^esence  in  .the  medium  of  complex  products  containing  hydrolyzea 
forms  of  nitrogen  --  hydrolyzates  of  soybean  grist  or  casein  --  greatly 
hastened  cultural  growth  and  stimulated  the  development  of  segmented  fiag- 
ments  of  hyphae  also  with  high  DNA  content  in  the  nuclear  elements  This 
las  deduced  from  the  ability  to  stain  intensively  after  being  processed 

according  to  Feulgen.  ■  . 

Substitution  of  urea  or  such  amino  acids  as  leucine  and  asparaginic 
acid  for  NHkNO  caused  severe  suppression  of  ENA  synthesis  in  the  proto¬ 
plasm  and  inhibition  of  growth  in  the  first  phase  of  fermentation,  whereas 
in  the  second  phase  it  resulted  only  in  weak  development  of  fine  hyphae. 

The  presence  of  alanine  or  glycocoll  in  the  medium  as  the  only 
source  of  nitrogen  secured  datisfactory  growth  and  stimulated  the  rapid 
development  of  nuclear  elements  with  high  DNA  content  in  t]te  second  phase 
of  fermentation. :  ' 

The  various  types  of  cultural  growths  observed  on  media  with 
different  sources  of  nitrogen  may  well  have  been  caused  not  only  by  a  partic¬ 
ular  form  of  nitrogen,  but  also  by  the  specific  action  on  theculture  of 
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the  carbohydrates  and  other  constituen^is  Introduced  into  the  medium  along 
with  the  sources  of  nitrogen  under  investigation  (carbon  ring  of  the  amino 
acids,  extractives  of  the  soybean  meal,  etc.).  However,  this  could  hot 
be  determined  under  the  conditions  of  our  experiments. 

The  data  obtained  in  our  researph  on  the  ability  of  the  chlor- 
tetracycline -producing  organism  to  manufacture  the  antibiotic  and  the  be¬ 
havioral  characteristics  of  nuclear  elements  confirmed  the  findings 

on  Actinomyces  rimosus  and  Actinamyces  aureofaciens;  the  intensive  develop¬ 
ment  of  nuclear  elements  with  high  DKA.  content  was  due  in  all  cases  to  the 
diminished  ability  of  the  mycelium  to  .produce  the  antibiotic  (Prokof ’yeva- 
Bel'govskaya  and  Popova,  1959i  Boretti,  Di  Marco,  Scotti,  and  Zocchi,  1955) • 

As  pointed  out  above,  the  nuclear  elements  with  high  BKA  Content  de- 
■©loped  rapidly  on  most  of  the  media  with  organic  sources  of  nitrogen.  This 
enabled  us  to  study  in  more  detail  their  structural  and  behavioral 
characteristics  on  media  with  different  sources  of  nitrogen. 

On  the  media  with  soybean  meal ,  soybean  grist ,  or  peanut  oil  cake 
the  nuclear  elements  in  the  mycelium  were  large  and,  in  tUe  second  phase 
of  development,  spherical,  localized  in  the  cytoplasm  as  separate  elements 
more  or  less  evenly  spaced  from  ane  another.  They  were  occasionally  dumbbell 
shaped  or  lay  in  pairs  (Figure  1,  2  and  3)  >  vhich  was  seemingly  caused  by 
the  process  of  reduplication.  On  the  medium  with  casein  or  its  ^drolyzate 
the  nuclear  elements  were  very  small  and  arranged  in  groups  of  four  to 
six  elements  each  (Figure  2,  3  and  4) .  On  the  medium  with  the  soybean 
grist  hydrolyzate  the  nuclear  elements  were  columnar  in  form,  apparently 
grouped  together  inseparably  (Figure, 1,  6) . 

This  variety  of  form  and  arrangement  of  nuclear  elements  was  obviously 
due  to  the  fact  that  it  was  possible  for  both  the  rate  of  reproduction  of 
the  nuclear  elements  and  the  rate  of  growth  of  the  cytoplasmic  areas  between 
tie  nucleotides  to  vaiy. 

It  was  established  in  recent  years  that  one  of  the  major  factors  de¬ 
termining  the  DHA  content  in  the  nuclear  elements  of  actlnomycetes  is  the 
phosphorus  content  of  the  media  (Prokof •yeva-Bel'govskaya,  and  Popova,  1959J 
Boretti,  Di  Marco,  Scotti,  and  Zocchi,  1955) •  Kiis  raised  the  question  of 
whether  in  this  investigation  the  inorganic  phosphorus  added  as  a  supple¬ 
ment  to  the  medium  along  with  the  nitrogen  sources  was  responsible  for  the 
hi^  DMA  content  of  the  nuclear  elements  in  the  organism  producing 
chlortetracycline . 

To  answer  the  question,  we  checked  all  the  tested  variants  of  the 
Ifermentation  media  for  their  inorganic  phosphorus  content.  We  showed 
analytically  that  the  phosphorus  content  of  the  experimental  media  ranged 
from  318  to  6.0  mg/S^,  which  did  not  correlate  with  the  DMA  content  of 
the  nuclear  elements  (Table  3)  bhe  Figure  Appendix  for  Table 

For  example,  on  all  three  variants  of  the  media- -with  ammonium  nitrate, 
with  leucine,  and  with  glycocoll  and  an  identical  amount  of  phosphorus 
(3  .8  mg/^)  —there  was  weak  development  of  the  nuclear  elements  with  low  DMA 
content  in  tbe  first  two  cases  and  rapid  development  of  the  nuclear  elements 
heavily  overloaded  with  DMA  almost  to  the  end  of  fermentation  in  tbe  third 
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case.  These  data  tend  to  corroborate  the  assumption  thht  not  only  inor- 
^nic  phosphorus,  but  also  v^loufl  sources  Of  hitroeen  nutrition  are  the 
unjor  factor  determining  DHA.  content  in  the  nuclear  elements  of  actlnoayostes 

mycelium.  ^ 

I  would  like  to  express  my  appreciation  for  the  valuable  criticism 
offered  by  M.  M.  Levitov,  L.  A.  Popova,  and  S.  L.  Brinberg. 

Findings 

1.  We  investigated  the' characteristics  of  the  development  and 
micromorphology  of  the  organism  producing  chlortetracycilne  (Actinomyces 
aureofaciehs,  train  IS-536)  on  media  with  different  cources  of  nitrogen 
nutrition  (MHhWO^,  soybean  meal,  soybean  ^ist,  urea,  asparaginic  acidV' 
leucine,  alanine,  and  giycocoll) . 

8,  The  different  sources  of  nitrogen  specifically  influenced  the 
{growth  and  micromorphology  of  the  culture,  EKA.  synthesis  in  the  protoplasm, 
structure  of  nuclear  elements  and  their  DMA  content. 

3.  Increased  DMA  content  of  the  nuclear  elements  was  in  all  cases 
caused  by  the  decreased  ability  of  the  culture  to  produce  chlortetracycilne . 
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temperature  adaptation  in  IHPIKORIAHS.  II.  CEANGEES  IN  HEAT  AND 
COH)  RESISTANCE  OF  PARAMECIUM  CAUDATUM  CULTIVATED  AT  LOW  TEMPERATURES 

Pages  Tilt -727  Yu.  I.  PolyanskU 

Latoratory  of  Cytology  of  Unicelltilar  Organisms, 
Institute  of  Cytology,  Academy  of  Sciences  tJSSR, 

Leningrad 

Adaptive  modifications  are  one  of  the  principal  vays  in  vhich  livirig 
things  adjust  to  the  environment.  Protozoa,  independent  organisms  at  the 
cellular  level  of  carganization,  exhibit  wide  individual  adaptability  to  a 
variety  of  external  factors  (Serebrovshiy,  1915J  Jollos,  1921;  Szabuniewicz, 
1929;  Finley,  1930;  Orlova,  1941,  1947;  Polyanskiy  and  Orlova,  1948;^ 

Paribok,  1948;  Polyanskiy,  1949,  1957,  1958a,  b;  Seravin,  1958a,  1958b; 
SuWianova,  1959).  In  the  first  part  of  this  investigation  (Polyanskiy,^ 

1957;  1958b)  we  pointed  out  the  relationship  between  heat  resistance  and 
environmental  temperature  in  paramecla.  Heat  resistance  rises  at  relativelj’^ 
high  temperatures  and  falls  at  low  temperatures.  These  changes  take  place 
rapidly  (over  a  few  hours)  and  exhibit  a  regular  phasic  quality  with  time. 

The  prolonged  action  of  relatively  high  temperatvires  produces  lasting  modi¬ 
fications  in  the  form  of  increased  heat  resistance.  The  relationship  of 
heat  resistance  to  thermal  conditions  can  be  observed  over  the  entire 
range  of  the  temperature  scale  --  from  almost  0°  to  28®  or  30° • 

In  our  earlier  paper  (1957)  we  did  not  study  the  changes  with  time 
of  heat  resistance  to  comparatively  low  temperatures  nor  the  relation  of 
infusorians  living  in  various  temperature  environments  to  teB®erature 
close  to  freSzing  —  to  0®.  .Does  the  cold  resistance  of  infusorians  vary 
with  the  preceding  temperature  regime  as  in  the  case  of  heat  resistance? 

. There  are  indications  in  the  literature  (Yefimov,  1922;  Lozina- 

Lozinskiy,  1948)  that  0®  is  lethal  far  paramecia  and  Induces  characteristic 
morphological  chaiages  —  Swelling  and  assumption  of  a  globular  form. 

For  example,  in  Yefimov's  experiments,  infusorians  transferred  to  0®  from^ 

18®  died  within  60  hours.  Lozina -Lozinskiy  observed  the  death  of  paramecia 
at  0°  within  2  days  (75^  of  them  died).  Futhermore,  Yefimov  succeeded  in 
prolonging  the  survival  of  paramecia  at  0°  by  gradual  chilling.  His  ex¬ 
periments  were  performed  not  on  clonal  material,  but  on  random  populations 
so  that  the  possibility  of  genotypic  differences  in  cold  resistance  cannot 
Tb  ruled  out.  There  are  also  data  on  the  ability  of  paramecia  to  endure 
brief  (measured  in  minutes)  supercooliang  (Wolf son,  1935;  ^02 ina -Lozinskiy, 
1948)  to  -10°.  However,  all  these  experiments  were  performed  without  re¬ 
gard  for  the  temperature  regime  under  which  the  infusorians  lived  before 
the  Start  of  the  experiments. 

3n  general,  cold  resistance  of  inf\;isorlanB  has  not  been  adequately 
fibudled,  and  the  effect  of  the  previous  temperature  regime  has  been  scarcely 
investigated.  This  problem  is  of  ecological  as  well  as  cytophysiologlcal 
interest.  Under  natural  conditions  in  the  northern  latitudes  the  infusorians 
live  in  shallow  reservoirs  for  almost  6  months  at  about  0°. 
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This  report  contains  experimental  data  on  the  following  problems: 
changes  in  cold  resistance  in  relation  to  preceding  temperature  regime, 
changes  in  heat  resistance,  in  relation  to  the  cultivation  of  infusoria^ 
at  relatively  low  temperatures,  and  heat  resistance  cf  infusorians  culti¬ 
vated  at  0*^  for  a  long  time.  j-l.  a  4 

The  material  and  methods  used  were  the  same  as  those  described  in 
the  first  pert  of  this  investigation  (Polyanskiy,  1957) •  The  material  was 
clonal.  With  the  brief  experiments  we  used  clonal  masses  of  the  culture, 
with  the  protracted  experiments  individual  lines  in  microaquaria.  We 
cultivated  the  paramecia  at  0°  in  test  tubes  or  mlcroaquar la  {sa,lt  cellars) 
in  large  thermos  bottles  with  melting  ice.  The  bottles  were  kept  in  a 
refrigerated  cabinet  at  1+  to  5°.  Thus,  the  ice  in  the  bottles  melted  very 
slowly.  We  changed  the  ice  about  once  a  week. 

Cold  Besistance  of  Paramecia  (to  0°)  after  Previous  Prolonged  Cultu^^ 
at  Various  Temperatures 

Experiments  were  run  in  two  variants  —,  with  mass,  clonal  mterlal  in 
small  test  tubes  and  with  individual  lines  in  salt  shakers,  '^e  Inf^orians 
were  placed  in  a  thermos  bottle  with  melting  ice  to  test  the  survival  rate 
at  Oo.  The  results  of  the  first  series  of  experiments  are  summed  up  in 
Table  1.  ' 


Table  1 


Survival  Pate  of  Paramecium  caudatum  at  0°  After  Preliminary 
Cultivation  at  Various  Temperatures  (mass  clonal  cultures) 


! 


Clone 

Te33ip0rQ'‘ture  of  preliminary  culturing 

CVJ 

:  15  —  16^ 

Time  of  preliminary 
cultivation  (in 
days) 

Results 

rime  of  pfellmlnar; 
jultivation  (in 
lays) 

^  Results 

M> 

20 

Some  infus¬ 
orians  died 
within  3 
hours j  all 
died  with¬ 
in  10  hours 

39 

So]iie  died 

1  within  6  hourc 

none  died 
thereafter 

PA 

! 

1 

14 

About  505idied 
Within  4  hours; 
all', died  withir 
6.  hO'.ir3- 

. 

33 

Pheri  were’..no'.  per 
jeptible  changes 
luring  the  ifilxst . 
12  hours.l  .aore'th 
half '..-.died  within 

124  hotirs;  all  die^ 
in  5  days 


Table  2  ehovs  the  results  of  similar  experiments  vith  individual 
lines.  Each  experiment  involved  two  salt  shabers  containing  six  infusorians. 
Their  number  and  fate  were  carefully  checked  for  It  days.  The  table  summarizes 
the  results  of  the  later  periods.,  .  . 

The  infusorians  kept  ah  5  or  6°  exhibited  no  pathological  changes 
nor  were  there  any  deaths  when  they  were  shifts  to  0°  (mass  bultUres) . 

Tables  1  and  2  show  that  cold  resistance  of  infusorians  (to  0°) 
is  leorgely  dependent  on  the  preceding  temperature  conditions.  Infusorians 
kept  at  29®  invariably  die  when  transferred  to  0°.  The  first  deaths  may 
be  noted  within  3 -b  hours  and  increasingly  thereafter.  This  is  a  very 
characteristic  picture  and.  has  been  observed  by  several  other  researchers 
(Yefimov,  1^2;  Lozina -Lozinskiy,  19t8).  There  is  a  gradual  slackening  of 
movement  and  swelling  until  the  Infusorians  become  almost  globular.  The 
peldicle  often  cracks  and  in- places  tears.'  No  paranecrotic  signs  can  be 
observed.  This  picture  of  death  from  cold  differs  markedly , from  the 
picture  of  death  from  great  heat  (Po3.yan8kly,  1957)  ^  which  is  accomtanie'S. 
by  paranecrbtic  changes.  Ouf  observations  of  the  death  of  paramecia  at 
low’  temperatures  do  ndt  tally  with  Greeley's  data  (190I),  which  describe 
dehydration  of  the  cytoplasm  in  Stentoir  after  exposure  to  low  temperatures . 

Pathological  changes  and  death  are  also  observed  whei  infusorians 
are  chilled  after  being  kept  at  "moderate"  temperatures  (15  to  18°).  How¬ 
ever,  all  these'  ^ocesses  take  place  much  more  slowly  than  in  infusorians 
transferred  from  290.  .  There  are  marked  variations  in  cold  resistance.  In 
some  clones  part  of  the  infusorians  transferred  frcm  15-16°  did  not  die 
at  00  (Table  1,  clone  iM').  Those  transferred  to  0°  from  5  or  6®  ^nerally 
exhibited  no  pathological  changes,  did  not  die,  and  sometimes  divided 
during  the  first  few* days  after  they  were  transferred  to  QO  (Table  2, 
clone  E) .  However,  there  were -isolated  .deaths  in  other  clones  when  trans¬ 
ferred  to  0°  from  5  br  6°. 

It  is  interesting  to  note  the  undoubted  difference  in  cold  resistance 
between  different  clones  which,  we  believe,  must  be  attributed  to  the 
genotypic  properties  bf  the  individual  clones.  For  example,  clone  P  (Ta-ble  2) 
proved  to  be  unusually  sensitive  to  cold.  There  were  few  deaths,  as  com¬ 
pared  with  the  others,-  among  the  lines  of  the  clone  transferred  from  5°. 

The  P  lines  died  much  snore  quickly  than  the  other  clones  when  transferred 
from  ISqQT  20°  to  oo.  Finally,  most  deaths  resulted  after  transference 
frcm  29  .  Clone  E,  on  the  other  hand,  showed  a  different  picture, 
proving  to  be  the  most  resistant  .  The  "cold"  lines  of  this  clone  (from  5  ) 
began  to  divide  on  the  seccaid  day  of  0®.  This  clone  did  not  die  off  even 
after  it  was  transferred  to  0°  from  18  or  20°  --  three  of  the  12  infus¬ 
orians  were  still  alive  after  a  month.  Slater  (195*»)  noted  similar 
differences  in  heat  resistance  of  various  lines  of  Tetrahymena  piriformis. 

Hairston  (1958)  found  that  the  various  subspecies  of  Paramecium 
aurelia  reacted  in  different  ways  to  high  and  low  temperatures.  For  example, 
the  second  subspecies  developed  better  than  the  others  at  relatively  low 
temperatures.  However,  genotypic  differences  in  cold  resistance  are  fairly 
insignificant  as  compared  wll^  changes  in  cold  resistance  due  to  changes  in 
environmental  temperatures . 
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,  ■  '  .table  2  . 

Survival  Bate  of  Parameclvim  caudatum  at  0°  After  i^eiiminary 
Cultivation  at  Various  Temjieratures  (Individual  Cultures 

in  bait  stiakers)  ' 


Period  of 

obfserva- 

trlon 

(in^-ays) 


from  5 


clone  E  clone  P 


from  18  to  20' 


clohb  E  clone  >? 


all  11  alive  All  alive  all 

normal  1  dead  2  divided  normal 


10  alive  lU  nor 
2  dead  mal 


10  nor 
33ial 


10 

normal 


Ik 

normal 


Ilk  ..  ■ 

i  normal 


9  nor¬ 
mal 
3  dead 

no  ob¬ 
serva¬ 
tion 
made  i 


ill  all  , 
lormal  normal 


ill  i 
lormal 

)  alive 
[  dead; 


alive  9  normal 
dead  2  globu- 
■  „lar  : 

1  dead  • 


alive, 

deed 


-  ; Head 


;8  normal  7  iiormal9  Jiormal  11  normal 
,1  divid-  2globu*  1  globu-  1  dead 
ing  ^'..  ..  lar  ,lar 
3  dead  .  2  dead  : 


SiCoao-  No  no  •.  no  -  nO:  ..  all-  .  all.-, 

deaths  deaths  deaths  deaths  died  died 
development  ob-  r observed  observed  observed  during  in  Ik 
served  I  ;  i  ■  :  the /mo.  days 


dead 


''2-  '  (Cont) 


'•  "  0\if*  feTt)PiyiTn(HintAl  dj&ta '  show' tliali'  "bhe'  cold  reslstence  of  Paraiae o lUBi 
oaudatum  Is  largely' detewiified  by  the  jarevlous  temperature'  conditloiis  under 
■which  it' has  ifved>- "-'■  . 


Changes  in  the  Cold  Heslstance  of  Irifusorlaas  When  TrariB^^  From 

■CoM  to  We^mth'- - 

■  “The  reeults  of  the  above-descrihed  experiments  On  the  relationship 
betweeff  the  bold  resistance' of  paraomcla  and  preceding  temperatures  raised 
the’  'queetioh  of  hbw  Swiftly  resistance  changes  when  the  temperature  condi¬ 
tions  s^e  modified'.  To  answei'  the  question,  we  set  up  two  series  of  experi¬ 
ments  with  mass' clonal  cultures  and  with  individual  lines .  The  infusorr 
Ians  were  first  Cultivated  for  a  long  time  (at  least  2  weeks)  at  5  to  69.. 
They  were  then  transferred  to  29°  and  their  resistance  to  0°  was  tested  at 
dlff'erent 'intervals.'^  .Infusorians  of  the  same  clones  from  5  to  6°  ("cold 
control")  and  from  29°  ("warm  control")  served  as  controls .  .The  results  of 
the  experiments  with  mass  cultures  showing  changes  in  cold  resistance  with 
time  ai’Q  summed  up  in  Table  3  • 

^25-,. 


Completely  analogous  results  were  obtained  in  experiments  with 
Sndlvidual  lines.  Each  experiment  was  performed  in  two  salt  cellars  with 
Ciix  infusorians  placed  in  each .  The  results  are  shown  in  Table  ^ . 

The  results  summarized  in  Tables  3  aad  U,  which  were  repeated 
coveral  times,  show  that  changes  in  the  resistance  of  infusorians  to  0°  take 
iiace  fairly  rapidly.  However,  we  noted  significant  individual  differences 
among  them.  The  initial  signs  of  change  in  cold  resistance  appeared  in 
vtavious  clones  6  hours  after  the  "cold"  infusorians  were  set  in  29°.  With 
longer  exposure  to  29®  cold  resistance  continued  to  diminish. 

After  72  hours  of  ex;posure  to  29*^  thei  infusorians  could  no  longer 
be  distinguished  tTom  the  "warm  control"  (l.e.,  from  those  kept  for  a  long 
Txriod  of  time  at  29°)  vith  respect  to  cold  resistance.  Some  of  them  during 
the  intermediate  periods  (12  to  2i^  Hours)  "feil  ill,"  as  expressed  in  a 
slackening  of  movement  and  in  swelling  up.  However,  they  eventually  reco\'e:?o 
and  their  usual  movement  returned  along  with  ncarmal  body  form.  comparisca 
cf  the  rate  of  change  in  cold  resistance  with  the  rate  of  phange  in  heat 
.vesistance  (Polyanskiy,  195T>  P  T635>  fi6*  6)  shows  that  thie  latter  is  soma- 
w;aat  more  rapid.  Statistically  valid  chaiiges  in  heat  resistance  could  be  ob- 
seirved  as  early  as  2  hours  after  the  temperature  was  changed,  whereas  the 
first  signs  of  change  in  cold  resistance  appeared  only  after  6  hours. 

Clianges  in  the  Heat  Resistance  of  Infusorians  When  Transferred  from 
''Warmth  to  Cold  -  • 

We  showed  in  an  earlier  report  (Polyanskiy,  1957 i  PPv  l633”!t»  fig*5) 
tliat  paramecla  cultured  for  some  time  at  relatively  low  temperatures  (7(.or 
0'^)  suffer  a  marked  loss  in  resistance  to  lethally  high  temperatures  (40  .) . 
However,  this  process  was  not  studied  in  detail  and  the  dynamics  of  changes 
in  heat  resisteuace  with  time  was  not  elucidated.  In  the  present  research 
we  investigated  the  resistance  of  Paramecium  caudatum  to  4oo  after  the  clones 
wore  transferred  to  a  relatively  lew  temperature  (5.  to  6*^)'  from  room  temp¬ 
erature.  The  tests  were  made  with  mass  clonal  cultures  following  our  regular 
method  (Polyanskiy,  1957,  p.  I631) .  The  results  are  expressed  in  curves. 
Figure  1  gives  the  results  of  changes  in  heat  resistance  by  four  clones; 
figure  2  is  a  composite  curve  of  the  same  clones  .  r  ; 

It  is  evident  from  the  curves  that  the  changes  in  heat  resistance 
occurring  during  the  first  4-5  days  are  far  from  uniform.  There  are  differ¬ 
ences  from  clone  to  clone,  but  the  general  shape  of  ihe  curves  is  more  or 
lees  the  same.  Heat  resistance  decreases  very  rapidly  during  the  first  hours 
(unusually  clear  in  clones  M,  M*  and  8) .  .  It  then  remains  at  approximately 
the  same  level  or  even  rises  somewhat  (clones  L  and  8) .  Thereafter  (60;: tp 
70  hours  from  the  start  of  chilling)  the  curve  again  drpps  slowly.;  Thus, 

•the  decreased  heat  resistance  of  the  infusorians  when  transferred  tO;  low 
temperatures  is  a  process  that  takes  place  in  brief  periods  of  time  -  . 
nsasured  in  a  few  hours.  The  character  of  the  curve  Justifies  pur  speaking 
of  the  phase  quality  of  this  process  With  time.  ;;  i'  1 
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/Tables  , 

Changes  in  the  Beslstange  of  "Cold"  Infusorians  (from  5  to  6° 
for  16-18  days)  to  0  After  Being  Transferred  to  29 

(experlffienta  vith  mass  material  in  test  tubes) 


Clone 

Control 

from 

5, to  6° 

Control 

Sesistance  to  0°  after  different  periods  of 

transfer  of  "cold"  lines  to  29  _ 

from 

29° 

2  hours 

4  hours 

6  hours 

24  hours 

f 

no  path-. 

all' 

aot 

no  path¬ 

within  2 

within  2 

within  5 

ological; 

died 

tested 

ological 

days 

days 

or  0  iio'vre 

chElnges 

j 

within 

3  or 

4  hrs 

’ 

changes 

1  ■ 

f  ! 

1 

after 
transfer 
partial 
death  be¬ 
gan  and 
lasted 

2  to  3 
days;  some 
of  the 
infusoriani 
remained 
normal 

■V 

£ 

3 

death  be¬ 
gan, 

about  2/3 
died,  the 
others 
showed 
patholog¬ 
ical 
changes 
i  (slow¬ 
ing  up 
of  move¬ 
ments 
and 

Phago¬ 
cytosis);  ' 
Ithin  a 
eek  those 
till  alive 
ecuperated 

pathologi¬ 
cal  change 
set  in 
(swelling, 
Bloving  up 
of  move¬ 
ments); 
within  24 
hours  most 
of  the 
culture 
died,  by 
the  end  of 
S'.weelcs 
all  were 
lead 

H  ; 

Same 

1 

most  ..  ] 
died  1 

within  < 
6  hours  j 
all  were 
dead  with 
in  24  hrs 

1 

1 

10  path-. 
>logical 
shanges 

same 

Within  2 
days  a 
few  in¬ 
fusorians 
died;  most 
of  them 
vere  alive 
and  nonnal 

not 

tested 

/ 

within  6 
hours  most 
died; 

those  stir 
alive  were 
distended 
and  scarce¬ 
ly  moved; 
all  were 
dead  withlr 
24  hours 
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Table  3  (Cent) 


clone 

. . .  ■  . . .  ■  .  . .  ... 

30  hours 

I|0  hours 

72  hours 

f ' 

all  died 

all  died 

most  died  vi'I'in 

within 

within 

6  hours; 

.  2k  hours 

24  hours 

all  were  dead 

, 

within  24  horars 

f  ■  '■  .  ’■ 

R 

not  tested 

same  ' 

not  tested 

:  ■  .;■■■ 

1; 
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Table  k 


Changes  in  the  Resistance  of  "Cold"  Infusorians  (Ercan  5  to  6  for 
20  days)  to  0°  After  Being  Transferred  to  29° 

(experiments  with  individual  lines) 


Clone 

Control 

from 

Control _ ' 

from 

Seslstance  to  0°  after  different  periods  of 
'  "trafisfer  of  "cold"  lines  to  29° 

5  to  6° 

29°  . . . “ 

4  hoxirs 

j 

6  hours 

12  hours 

1 

lot  set 

all  died 

1:0  ,  .  .,,T. 

no  path- 

2  out  of 

1  out  of  12 

■within . 

Eathbiog-* 

plogical 

12  died 

died  within  2 

'  '  ■  '■  i. 

10 .hours 

ical-'-,. 

changes 

the  ^th 

days,  2  within 

Jhahges  : 

day,  the 

3  days,  I4  with!-. 

others 

4  days,  6  within 

■ , 

i 

vere 

S  days;  the  re- 

j' 

t 

normal; 

bsalning  6  became 

) 

i 

within 

ill,  recovered 

i 

f 

2  weeks 
they 
began 
to 

divide 

in  5  "to  6  days, 
began  to  divide 
in  l4  days 

' 

K  ! 

no  path¬ 
ological 
changes 

all  died  ,  „ 
within 

2h  hours 

1 

Bame 

r 

^  .Ll  .  v/; 

same  : 

'  ' ' 

. 

3  out  of 

12  died 
by  the 
end  of 
the  first 
day;  the 
others 
were  ill 
for  a 
short 
time  and 
then 

recovered 

1 

I 

not  tested 

all'  "fell  vithiri  24  .  ivithin  24 

ill";  iii  hour ^  6  out  11  out  of  12 

2  veeke  5.'  of  1^  died,  died;  the  alngle 

died  One  3  more  vlthin  survivor  diea. 

after  the  3  daysj  the  hy  the  end  of 

other;  the  remaining  :  the  second  day 

reiminlng  3  lived  a 

3  eventually  long  time  ■ 

recovered  hut  did 

not  recover 
normal  movemeit 
and'ddd 
not  divide 


3  out  of 
12  died 
within  6 
hotcrs;  all 
were  dead 
hy  the 
end  of  the 
first  day 


not  tested  not  tested 
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Changes  in  tHe  Heat  Bee iBtance  of  lixfusorlans  When  Transferred  from 
Gold  to  Warmth  ■  V-':« 

■Expertoents  were  parfonaed  'on  three  donee  /kept  at  5  to  6p  for  / 
a  lohg  time  (done  5  for  U2  days/clbne  M  for  5^  days, '  ;clone  L  for  86, 
days).  Ihe  heat  resistance  of  the  "cold”  lines  of  all  three  clones  was 
much  lower  than  that  of  the  Control  (room  temperature  IT  to  l8°)  when 
tested  at  a  lethal  temperature  (400) .  (it  was  8.4?^,  9 >13%,  and  l6.5fo  . 
of  the  control  fof  clones  5>  'L)  M,  respectively)  .  After  the  "cpld" 
lines  were  transferred  to  rocva  temperature  (Figure  3)  >  heat  resistance 
rose  steadily  and  ciuite  rapidly.  Vithln  4. to  5  hours  there  were 
statistically  valid  differences.  .  Within  50  to  pO  hoin-s  the  infusorians 
acquired  the  same  heat  resistance  as  the  control  lines V 

These  results  Completely  resemhle  those  obtained  earlier  when  tts 
infiisorlahs  were  transferred  from  room  temperature  to  29°: (Polyanskiy, 

1957j  P-  1635).  We  are  dealing  here  essentially  with  the  same  phenomenca, 
but  on  another  part  of  the  temperature  curve.'  There/ is  no  pas  Is  for 
assuming  phase  Changes  in  heat  reslstancg.during  the  first  3-4  days  after 
ihe  i^usorlanS  were  transferred  from  5“6  to  room  temperature .  This  wholly 
agrees  with  the  findings  of  the  previCus  experiments  since  phase  changes 
in  heat  resistance  after  adaptation  to  high  temperatures  occur  over  much 
longer  periods  of  time  (Polyanskiy^  1957 >  PP*  1632-^1634,  figs.  2,  3>  4). 

The  above-mentioned  pattern  of  changes'  In  heat  resistance  following 
transfer  from  cold  to  warmth  is  regularly  observed  in  many  clones .  There 
was  only  one  exception  (clone  PAi) ,  where  prolonged  culturing  at  5  to  6 
merely  caused  a  veiqr  slight  decrease  In  resistance ;  Testl^  at  409 
yielded  the  following  figui’es:  room  cohlaroi  24.0  minutes,  "cold'^  line 
I9.8  minutes  (82. of  the  control) .  The  transfer  of  cold  line  PA  to 
room  temperature  produced  a  very  rapid  and  sharp  increase  In  heat  resist¬ 
ance  that  amounted  to  198^  of  the  control  within  l4/ hours.?  ;  The  reason 
for  this  single  deviation  from  the  normal  pattern  is  not  quite  clear.  It 
may  be  that' the  original  control  room  line  was  in  a  state  of  partial  de-  • 
prAssl On ■ ■  Shilling  brought  the'  infusorians  out  of  the’ depression,  thereby 
causing  a  substantial  rise  in  heat  resistance./  •' 

Prolonged  Cultivation  cf  Infusorians  at  o9  .  a.::  /' 

'  ‘  Our  experimental  data  showed  that  survival  of  the  parameoia  at 
depended  wholly  on  the  '  preceding  temperature  regime .  The  question  arose 
■?as  to' how ■  long  they  could  live  at  0°.  We  Sought  the  answer  by  running  ex¬ 
periments  in  two  modifications.  The  infusorians  were 'transferred:  from 
5-6 -to  0°  in  mass  clonal'  cultures-  in  test  tubes  (dOne  in  the  Usual  way  in 
Lozlha-LozinskiJ^’a  medium)  and  in  'Individual’  lines  in  salt  shakers  j  with 
an  accurate  /fecord  kept  of  the  rate  of  divislohi  The  Infusorians  grew 
(Dnsiderably' in  all  the  cultures  at  0°  as  has  been  repeatedly  observed  by 
many  observers  (Hertwig  In  I903  was  the  first  for  low  .temperatures) . 
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The  iiifuep^ians  lived  for  more  than  a  year  at  0°  in  the  mass  clonax 
cultures  without  exhibiting  any  signs  of  depressive  changes.  Every  2-3^ 
weeks  the  cultures  were  transferred  to  fresh  media.  Conjugation  did  hot 
take  place.  The  mass  cultures  at  0  were  set  up  on  l6  M-y  1958  ®nd  are 
still  in  good  condition  at  the  moment  of  writing  this  paper (June  1959) • 

In  individual  cultures  the  rate  of  division  was  studied  in  ten  lines, 
■'♦'ive  of  them  lived  for  6-^7  months  without  exhibiting  depression,  after  which 
the  experiments  were  discontinued.  Five  died  at  different  times  ranging 
from  3  to  6  months.  Although  some  of  the  lines  died,  the^results  show  that 
paramecla  could  survive  for  a  long  time  and  multiply  at  0  .  The  frequency 
of  division  at  0°  was  very  low.  The  interval  between  two  divisions  through¬ 
out  the  period  of  experimentation  averaged  17.2  days,  varying  within  broad 
limits,  from  5  to  65  daysh  :]h  the  lines  at  0°  we  did  not  observe  the  even^ 
rate  of  division  that  is  character is tic  of  high  temperatures  and  maintained 
over  loiig  stretches  of  time.  Good  examples  of  the  Intervals  between 
raucCesslve  divisions  (in  dajrs)  are  line  4--16,  9>  26,  23,  5^  7>  14,  19> 

13— and  line  5— 10>  9/ 28,  l4,  35>  14,  l4,  l4. 

Thus  0°  may  well  be  the  temperature  at  which  paramecla  can  live 
and  multiply  for  a  long  time  (probably  indefinitely).  On  the  other  hand, 

0°,  as  we  saw  above,  can  also  be  lethal  for  the  same  infusorians,  killing 
them  rapidly .  The  reaction  of  infusorians  to  0°  is  determined  by  previous 
environmental  temperatures.  Our  experimental  data  suggest  that. in  their 
natural  habitat  in  reservoirs  the  paramecla  may  actively  live  through  the 
winter.  -'.■d 

Heat  resistance  of  Infusorians  Cultured  for  a  Long  Time  at  0° 

The  facts  detailed  above  show  that  culturing  Infusorians  at  relatively' 
low  above  0®  temperatures  markedly  decreases  their  resistance  to  heat.  Ve 
‘nought  it  would  be  worthwhile  to  investigate  the  heat  resistance  of  lines 
of  paramecla  living  at  0°  for  a  long  time,  i.e.,  at  near  freezing  temperatures. 

Their  heat  resistance  to  4oo  proved  to  be  very  low,  The  average 
period  of  survival  of  paramecla  cultured  for  a  year  at  0°  yielded  the 
following  figures  (in  min 0  at  40°:  3.10i0.05>  3.92£0.01, ; 3 •27£0.OO3. 

These  figures  are  8  to  10  times  below  those  of  the  lines  transferred  from 
room  temperature  (I8  to  20°) ,  which  exhibited  an  average  survival  at  4o° 
of  the  order  of  25  to  30  minutes. 

The  relation  of  paramecla  from  "zero  cultures"  (the  name  which,  for 
the  sake  of  brevity,  we  shall. apply  henceforth  to  cultures  living  at  0  for 
a  long  time)  to  optimal:  temperatures  for  infusorians  changed  markedly.  At 
29°  we  found  the  normal  rapid  rate  of  division  and  high  level  of  phagocytosis 
(Eeshetnyak,  1952).  This  temperature  turned  out  to  be  lethal  for  the  zero 
cultures.  They  were  transferred  to  29°  after  being  kept  at  room  temperature 
for  15-20  minutes  to  avoid  abrupt  temperature  changes --the  bearing  of  which 
on  heat  resistance  was  pointed  out  long  ago  by  Serebrovskiy  (1915) --and  . 
then  placed  (in  salt  cellars  or  test  tubes)  in  the  theimostat  at  29°. 
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We  ran  a  total  of  six  e;xperlinents  with  identical  results.  Within 
an  hour  of  exposure  to  29°  the  infusorians  in  tlie  salt  cellars /began  to 
d.ie.  Iheir  moveicentB  slowed  cLpwn  perceptibly they  hecape  deformed-rmaDy 
turning  into  halls --and  died.  In  the  fovir  experiments  in  salt  cellars 
none  of  the  Infusorians  was  alive  after  5  hotars.^  In  the  test  tubes  where 
there  were  many  fewer  paramecia,  most  of  them  also  died  within  ^-6  hours . 
Occasional  very  deformed  specimens  wurviyed  for  3  days,  but  eventually  they 
too  died.:;,;;  ,,  'V-  ,■ 

We  set  up  Similar  experiments  involving  the  transfer  of.  zero  cultures 
to  27°.  The  picture  here  was  quite  mixed.;  Some  of  the  infusorians  (about 
one-third)  died  vithin  2k  hours .  ^  Others  were,  very  def ormed>  almost  becom- 
jbg  balls.  They  later  recovered  from  thelr  /'iilness,"  regained  their  normal 
sha,pe  and  began  to  multiply.  Another  group  exhibited  no  significant  path¬ 
ological  changes  and  soon  began  to  divide;, 

After  the  zero  cu-ltures  were  transferred  to  25®,  individual  speclmsns 
died  while  others  became  slightly  deformed  (swollen) .  Most  cxf  the  oultucas 
.  exhibited  no  pathological  changes  and  started  vigorous  agamic  multipllcatlor! 
fairly:  quickly.  , 

It  will  be  noted  that  the  picture-  of  .  death  of  infusorians  from  zero 
cultures  after  transfer  to  27°  and  29°  recalls  that  observed  when  they  are 
aposed  to  cold  but  not  to  high  temperatures  :(40°)-.  There  is  body  deforma¬ 
tion-swelling,  globular  shape,  and  breaking  of  the  pellicle.  The  para r 
necrotic  changes  characteristically  associated  with  the  action  of  hi^ 
letahal  temperatures  do  not  occur.  It  is  evident  that  the  unfavorable 
influence  of  temperatures  of  the  order  of  27  to  29°  on  zero  Infusorians 
is  due  to  impaired  physiologic  functions  of  the  organisms  long  adapted  to 
living  at  low  temperatures,  but  not  to  the  direct  influence  of  temperature 
on  protoplasm  proteins .  ,  ^  .r:,  :  ;  :  "  ■ 

;  These  facts  phCe  again  reveal  how  relative  is  the  concept  of  : 
"optimum  temperatures  for  infusorians  and  how  much  depends  on  the  preceding 
temperature  regime .  ^ 

Discussion  .  g 

The  material  presented  in  this  report  shows  the  very, brpad  range  of 
individual  adaptability  of  Par amec ium  caudatum  tO; the  temperature  factor. 
This  adaptability  to  high  temperatures  was  demonstrated  in  the  first  pai’t 
of  the  investigation  (Polyanskiy  1957) ,  The  present  paper  studied  the 
phonomenon  with  respect  to  low  above -zero  and  zero  tempera tiires. 

resistance  and  heat  resistance  of  infusorians  both  largely 
depend  on  environmental  'temperatures.  Changes  in  either  take  place  com¬ 
paratively  rapidiy.  Statistically  valid  shifts  are  found  within  a  few 
hours.  In  this  respect  infusorians  differ  considerably  from  many  unicellu¬ 
lar  organisms.  V.  Y  .  Aleksandrov  (l952,  195^,  1958),  Bi  P.  Ushakov .1(1955, 
1956,  1958),  and  their  co-workers  used  extensive  material  to  show  that 
heat  resistance  in  the  cells  of  flowering  plants  and  multicellular 
poikilotherms  is  a  fairly  stable  quantity  for  each  species .  Temperature 
adaptations  here  take  place  not  on  the  cell,  but  on  the  "organism"  level 
and  are  "adaptations  of  the  systsmic  type"  (iT^hakov)  . 
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A.  V.  Zhlrmunskiy  (1959)  demonstrated  in  actinias  the  possibility  of 
•:jhole  organism  changes  in  heat  resistance  by  modifying  the  environmental 
temperature.  However,  thei'e  was  no  concomitant  change  in  the  resistance 
of  the  cells.  H.  I.  Arronet  ( 1959)  noted  the  lack  of  seasonal  changes  in 
the  heat  reels teince  of  ciliated  epithelium  of  frogs  and  lamellibranchiate 
mollusks  at  the  same  time  that  the  resistance  of  the  whole  organism  showed 
pronounced  seasonal  changes.  There  were  only  a  few  cases  where  it  was 
possible  to  modify  the  heat  resistance  of  plant  cells  by  the  action  of 
near-lethal  temperatures  (the  phenomenon  of  "hardening" --/-leksandrov  and 
Fel’dman,  1958) .  In  amphibia  the  heat  resistance  of  cells  can  apparently 
be  modified  when  changed  temperiature  conditions  act  on  ontogenesis  (Mikhal*- 
chenko,  I958) . '  These  differences  in  the  nature  of  temperature  adaptations 
of  the  cells  of  multicellular  ca-ganisms  and  protozoans  are  probably  related 
to  the  fact  that  in  protozoans  the  cell  and  organism  levels  of  organization 
coincide  so  that  the  "organism"  and  "cell". forms  of  adaptation  cannot  be 
differentiated  (Polyanskiy,  1957) •  Thus,  the  possibilities  of  adaptation 
for  the  cells  of  complex  organisms  and  for  cell-organisms  are  quite  differ¬ 
ent.  ¥e  can  see  in  this  a  peculiarity  of  adaptive  evolution  in  protozoans 
as  Compared  With  multicellular  poikilotherms  and  higher  plants. 

Individual  adaptability  (adaptive  modifications  of  organisms)  to 
changing  environmental  conditions  is  ah  Important  aspect  of  adaptive 
evolution  based  on  natural  Selection ^  However,  the  role  of  cellular  ele¬ 
ments  in  the  process  of  individual  adaptation  differs  in  protozoans  and 
multicellular  organisms .  ’  .  '  .  ' 

Findings  ■ 

1.  The  cold  resistance  of  Paramecium  caudatum  to  0°  depends  on  the 
preceding  temperature  regime.  For  infusorians  cultured  at  29°,  0  is  lethal. 

.2.  When  InfUsbrTans  are  transferred  from  a  relatively  low  temperatm’o 
(5  to  6°)  to  29°,  changes  in  cold  resistance  appear  after  6-8  hours  and 
end  within  3  days. 

3.  Heat  resistance  after  the  infusorians  are  transferred  from 
warmth  (29°)  to  cold  0  to' 6°)  drops  rapidly  (within  a  few  hours)  and  is 
phasic  in  nature.  When  transferred  from  cold  to  warmth,  heat  resistance 
grows  swiftly,  but  is  not  phasic.  , 

1+.  Following  gradual  chilling  infusorians  can  be  cultured  for  a 
long  time  at  0°  (more  than  a  year  in  our  experiments) .  At  0°  the  frequency 
<f  division  is  very  low  (ah  average  interval  of  17*2  days).  If  cultured 
f)r  a  long  time  at  0°,  the  infusorians  exhibit  very  low  heat  resistance; 

29°  is  a  lethal  temperature  for  them, 

•  5.  Par^m*^c  h™  Caudatum  poseesses  very  narked  individual  adaptability 
both  to  relatively  high  and  to  low  temperatures 
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Fig!;-ro  Ghricao  ^■ruinipul&tor  for  maalianical  03)er.-:itions 

on  calls, 

a, .  -  ring-shapod  cap  on  microscope  tubaj 

b,  -  rack  for  lo’.'j'aring  of  ohcftj 

c-d»  holder  for  Fdsroin:;t3n2mants  (needles,  ale) 
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Fig-urs  2,  GIir,Iciiotin‘3  apps.rnta.3  for  operating  or  cells  by  the 
ultra'/iclot  i.iicrcbeaiin  nsti.od  1  —  rrcloroECoj^e.  c*p  to  obtain  s  dark 

ilald;  2  --  quarts  prisra  tln'oiJing  rrdcrobeara  up-j^arclj  3  laiq;.  to  illua':n.- 
nate  t'ne  field  of  \leT,-T  with  a  white  (ordin?iry)  light;  i|.  optical  bench,* 
5  —  ar-jnetarj  6'—  regula:table  clLapriragre,  (rdorosiit)^  Y'-—  stage  vrJ.th 
quarte  prisms  (rionoehreoiRe  torus)?  screen  to  protect  eyes  from  ultra- 

vlolsu  raynj  9  —  quartz  larise  (colleotoi'Oj  10  —  I'S-gnesium  eloctroder; 


ccndcnaerj 


oranE;ior:Rei> 


'heostst;  ill 


ruoroiRtwit  of  elacti-’oclaa;  IB  — ^  shaft  for  riOvejRont  of  ota^e  vrf  th  nrinrnf 


FigT,.ir8  3*  Directing  a  raicrobeam  on  parts  of  a  coll,  a,  b,  c,  A  -- 
Biiccessive  phases  of  the  operati;;n|  f  —  fluorescent  image  of  the  loltra- 
vlolet  rrdcrobeara  in  cross  section  on  the  microscreonf  s  needle  indicator 
in  the  eyspiecej  o  cell  with  nucleus. 
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Fimir®  1^.,  "Ilicroolinic  bo  observe  ce].ls  after  an  oparation, 

A  —  canillfcry  tuba  witli  bacterial  fculturs  to  feed  infusorians  in_a  itdcro- 
chaiiibei'i  3  artnul  t-dth  a  sterile  medium  for  tiie  chastiber  -  C  —  introduc¬ 
tion  of” food  into  drop  chamber  aftor  the  cell  has  bean  operated  onj 
D  ~  view  of  tho  mlcrochambar  arrangement  from  above. 
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Figure  3',  Infusorian  Axisliileptar  pidrced  by  a  piorobearn  at  eight 
points  on  the  body  surface  irdth  the  forpiation  of  protuberances. 

N  —  nucleus 
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Figure  6,  Artificial  parthenogsnetic  activation  of  sea  uralii.n' 
ovum  by  ultraviolet  ini cropxmc turn  of  a  point  on  tho  surface,  1  —  irra¬ 
diation  of  a  point  on  the  surface  of  the  2  the  surface  of  the 

ovum  flattens  at  tlv5  site  of  the  ndcrophoto  punctm-ej  3  —  the  egg  meittorane 
forrsn  over  tho  f].attenod  place j  U  —  the  membrane  spreads  over  the  entire 
.surf  uoe  of  the  ovum. 


Figui-e  7»  Results  on  latcrophoto  surgery  of  the  nucleus  of  one 
blastoffl'er'e  of  a  sea  urchin  ovum,  %  nucleus  of  the  left  blastomere 
pierced  by  a  Taicrobeair.  (arrow),  b  cortinuing  fission  of  intact  blastoraars 
(on  tlie  right). 
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Figure  8,  Local  jrlcrobeam  irradiation  of  tho  body  surface  of  a 
psEcariiecium  with  loss  of  ciUa, 

—  loss  of  cilia  at  the  point  of  tiie  surgace  piercedj 

—  hare  spot  on  the  surface  after  loss  of  irradiated  ciliai 

c  hare  spot  on  the  surgace  protruding  at  tie  site  irradiated. 
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Figixre  9»  Diagram  of  an  apparatus  to  Biflasore  the  difference  in 
absorption  of  ultraTiolet  rzys  by  substances  in  tho  protoplasm  and 
nucleus*  1  — »  quartz  lensj  2:  -■»  microcoirorsssor  tri.th  a  cell  3  q,u.artz 
prlsi.ii  i{.  —  quartz  lenij|  9  —  quartz  in  tube  5  —  of  phot-oe?uoctric  cell 
7  «~j;  8  —  galvanonteter* 


Figure  10,  Local  chi*ngec  in  periKability  of  the  sea  urchin  ovuia 
after  inicrobeam  irradiation  of  the  sui^faca,  a  —  point  on  the  o'i’u.m  sui’- 
f  ace  pierced  (aiTcit-r)j  b  —  gubneqixent  invagination  at  this  point  in  a 
hypertonic  ine»diuirij:  c  protuberance  in  a  hypotoMc  rftediu:ii. 
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Fig'ors  11,  Microbearfi.  oparatj.on  of  contratile  vacuolos  5.n  a 
paraiTieclum  and  tr-aatnont  of  tli©  cwelling  res'ilting  from  the  punctoTC  by 
subsequent  irrE'idiation  of  the  cilia  in  the  cyt-ostoiiie, 

b,  0^  d  —  gucces^;ivo  phases  of  the  operationj  c’'  —  C7,d>oBtome, 
va  -  vacuole.  The  arrows  point  to  ths  places  picrcc-d  by  the  ultra¬ 
violet  ray-'». 
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Figure  13.  Amphileptus  claparedi  in  a  dark  field.  Irradiation 
of  one  of  the  two  -  nuclei  by  ultraviolet  rnicrobeam, 

Ihe  lower  nucleus  has  been  pierced  by  the  ray  and  is  more 
transparent  in  phase  contrast. 
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Figurs  1,  Ciianges  ?.n  tbs  diffurdon  rate  of  lia^  and  fJ  in 
tracts  from  a  rat  brain  in  a  resting  state  and  after  irritation. 
(For  Ma/  in  the  resting  state  a  "  O.UUt  and  d  ~  O.liiiO 


/  0,032,  in  the  excited  state,  a  *  0.19  and  d  =  0.)4&3  /  0,025.) 

O^n  the  x-axis  —  Ig  of  time  (in  m3.n,  )j  on  the  y-axis  --  Ig  of  diffusion 
(%  of  ions  of  the  extract  diffusing  for  1  min.);  dots— mean  of  8  ex¬ 
periments,  -vertical  lines— standard  deviation.  The  straight  linae  were 
constructed  from  the  values  coirputsd  by  the  method  of  least  square; 

R— rest-lng  brain,  S— excited;  slope  of  the  lines  expressing  changes  in 
■the  difftision  rate  is  denoted  in  "bho  text  by  d. 
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Jlgure  2,  Activity  of  Wz!  in  extracts  fi'on  resting  and  excited 
rat  brain  as  e  fitnction  of  free  Sh-'groups, 

Along  the  axis  of  abscissas  -  free  Si-groups  (in  uM/g  of  fre^i  weight)  j 
along  the  socIe  of  ordiriates  -  activity  coefficient  (f)-  of  Na/,  'HiS 
curve  was  obtained  by  plott-mg  the  mean  values  of  f  between  SH  U  to  5 
5  to  6  ull, 'etc.  Crosses  —  resting,  dots  —  excited  brain. 
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Figure  3»  Activity  of  k/  ions  in  extracts  froin  resting  and 
excitoc  r£.t  brain  s.e  a  function  of  free  SH<"groups,  Synibcls  'bhe  same 
£iS  in  Figure  2= 


Figure  ij., 
concentration  of 


Changes  in  the  activity  of  Ma^  and  yI 
free  SH-groupe.  Dots  -  Na/^  crosses  - 


after  increased 

s/. 
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Figure  5.  Diagram;  of  tlis  absorption  hypothesis. 
k/  is  absorbed  while  the  cell  ie  in  a  resting  state.  The  coll  behaves 
like  a  potassiuiri  electrode  and  the  resting  potential  like  a  K/  potential.' 
In  an  active  state  the  K/  exchanges  mth  the  the-  cell  becoming  a 

sodiim  slectrode,  the  action  potential  a  Ms/  potential. 
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Figare  1,  GontA*ao1iioa  of  i-wsothelial  and  inast  cell  nuclei  after 
tlie  action  of  0^2$,  0,5,  and  1%  novocain  tsolutionSc 

a  mesotiielial  call  nuclei,  b  mst  cell  nuclei.  Along  the  axis  of 
absciasas  ~  siae  of  nuclei  (in  conventional  units) j  aloiig  the  axis  of 
ordinates  —  number  of  nuclei  of  a  given  size, 

1  —  control  (Earl’s  fluid),  2  —  0.25/^  novocain,  3  —  0.5^  novocain, 
k'--  li  novocain. 
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Figure  2,  Reversibility  of  the  action  of  a  0,5p  novocain 
solution  on  mcsothellal  and  riast  call  nuclei,  s  —  mesothelial  cell 
nucleij  b  —  siast  Ce3.1  nuclei.  Along  the  axis  of  abscissas  --  sise 
of  miclei  (in  conventional  units);  along  the  axis  of  ordinates  ~ 
number  of  nuclei, 

1  —  control  (Sari’s  fluid),  2  —  novocain,  3  —  reversibility. 
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Figure  1,  Displacenent  with  tirrie  of  phosphorus  in  muscleE  by 
labollod  phosphorus  of  the  orthophosphate  of  the  surronnd5.ng  soluti.on 
under  various  cxperi-iaental  conditi,ons. 


Along  the  axis  of  absciassas  —  ti:ne  in  isc-n,  (t)^  along  the  sjcis  of 
ordiuiatec  —  amount  of  phosphorus  in  ing  per  100  g  of  iret  tissue  vraight 

( *^ ) »  _  5 

I  -  I8°j  II  -  2°}  III  -  13®,  TTal'l  =  3.3  X  lO"^  Kj  IV 0®. 
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Figure  2.  Relationshj-p  between  phosphoi'us  concentration  (in 
jngJj)  in  OTiscle  fibers  (Og)  and  its  concentrat^.on  in  the  E’jrround;Lng 
Eolntion  (Cg), 
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^  Fijiaro,  Relation  of  renistance  (in  ohms)  of  crab  and  imsael 

liks'cler.  to  frequency  (in  c.)  bcfoi-e  and  after  treatment  t'd-th  U;o 
fok'Blih  solution.  1  —  control  crab  r.aiscle,  2  —  foritmlinized  crab 
rauscls,  3  —  control  .rausoel  imscle,  ij.  formalinized  mussel  muscle. 
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CD 


intensities, 

A  —  circuit  of  irritetion  nni  lords  of 


—  experiment  of  27  Septerber  1907 ,  3 

—  first  pair  of  lead  electrodes,  II  - 


Additional  e>:nls.nation  in  tiis  text. 


potentialG, 

—  exporiment  of  1  October  1957» 

-  second  pair  of  lead  electrodes. 
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Figure  3,  Spatial  decrement  and  increment. 

A _ granh  of  the  experiiosnt  of  1  October  1957 i  h  — •  gx'&ph  of  the 

Kcperiment  of  27  September  1957.  I  --  land  from  fee  -first  pair  of 


electrodes 


from  the  second  pair  of  electrodes « 
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m 

Figure  li,  :OecrfcMr)ental  conduction  of  excitation  'idth  gradual 
necrosis  of  ti'ie  fiber, 

A  —  changes  in  mgnituda  of  the  action  potential  depending  on  the 
dis'tance  betTjeen  the  lead  and  irritating  electrodes  (exneriEient  of.  1 
October  195?)*  a  a  distance  of  3.7r®i,  b  —  6.7™!,  c  —  9.9  Tiim, 

B  graph  based  on  oscillograms s  I  — •  amplitudes  of  the  first  phase 
of  the  action  potential,  II  —  anplitudss  of  the  second  pliase.  Along  the 
axis  of  abscissas  —  distance  of  irritating,  electrodes  from  thcj  area  of 
potential  lead  off j  along  the  axis  of  ordinates  —  potential  anplitude 
(in  conventional  'onits). 
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Figtire  2.  Seasonal  ciiangas  in  heat  resistance  of  Daotylis 
gloaierata  cell®.  Along  the  axis  of  ordiiiates  —  inaxiinain  tariiperatnxe. 
After  iaxntenaucs  of  this  tcnperature  for  s  period  of  five  nrlnutesj 
the  protoplasra  continued  to  show  raovement.  The  encircled  dots  were 
obtained  in  experiments  id-th  new  leaves. 
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Fig-are  3»  Hes-t  r&sietance  of  Da&tjlis  glome: 
surrjnsr  (I)  and  in  the  ■win'tor  (II). 

A3,ong  t-he  axis  of  ordinates—-  period  of  oon-tinaati 
nrLnutes  (logarithmic  scale). 


rata  cells  in  the 
n  of  'rao"/eKient  in 


-  156  - 


» 


HBQ 


«  M 


K  X 


«  It  * 
K 


K  A 


'TTiTi'"?  »  ir«  If  -r  *  «*»««« 


Fig-ore  ii..  Seasonal  changes  in  the  resistance  of  Dactylis 
glomarata  cells  to  high  hydrostatj.c  presB’ore. 

Along  tlic  aids  of  ordinatss  —  iKccimim  pressure  after  5“niinate  action 
of  tiiich  the  protoplasm  continued  to  move. 
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Fig'.ii’e  5,  Seasonal  changes  in  resistance  to^heat  (dots;  and 
to  ?■'!•’  h’Tlrostatic  pressure  C^’s)  Elyraio  arcnarl^  (A)  Md  E.^ 
r.nffuitus  (B)  cells.  Along  the  axis  of-^rHH^ten  -  maxinuin^  ter_;pera  wre 
I'onlTir'left)  said  I’l'^x.ijTKuii  pressure  (on  the  righo)  after  ^-ir  niite  acbj.on 
of"  which  the 'protoplasm  continued  tc  move.  Ihs  encircled,  dot:;  were 
obtained  from  neiT  leaves. 
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Fxguic-e  6.  ChmgeK  in  cell  heat  resistance  b?  Sactjlis  gloraerata 

tnau  grow  outdoors  (dots)  and  in  the  groenliouse  (cii’cTcFn — - - 

Alorig^the  a;as  of  ordination  —  nva:imTa  teiiperaturs  after  S-isr^nute  a.ctri( 
Ox  >dixcn  the  protoplasm  continued  to  move.  The  arrotr  shows  the  time 
waen  some  of  the  plants  were  moved  frora  the  greenliouga 
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W  !X  X  X  XI  /  M  HI  /V  ,V  V?  W.Vecm 


Fi 

prersore 


gurc  7,  Change's  In  the  cell  reEistance 
of  Dactjlis  gioraerata  that  grew  outdoors 


to  high  hydrostatic 
(dots)  and  In  idle 


greenhouse  ( circles ) « 

Along  the  ascip,  of  ordinates  —  mroclmun  pressure  after 
of  which  tho  protoplasK  continued  to  novo. 


5“in‘iiriuto  action 
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Figure  9.  Changes  in  the  risistanee  to  heat  (l)  and  high 
hydrostatic  nressiira  (II.)  by  cells*  in  13aGtyl?-£  gloinerata  leaves  af  oer^ 
tlie  whole  td.ntering  planta  were  novcd  t-o  a  worm  place  "and  changes  in  tbe 
res5.st'5iiC3  to  heat  of  the  same  cells  vriien  in(iividn;;I  portions  of  the 
leaves  were  kept  in  the  place  (pomeshcheniye)  (III). 

Along  t):e  axis  of  ordinates  —  maxiimra  tevir'Srature  (on  the  left)  and 
MS-XiT^iti  prcssnre  (on  the  right)  after  5~SD-nub£  0,co.*,on  of  which  i,)h0_  prO“ 
toplasm  continued  to  iRovej  along  the  axis  of  abscissas  —  days  froK  tiie 
time  the  •olants  were  moved  to  the  xjarm  place. 
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of  Rujjslan  Text 


z  iPT-irs, 


Curve  0  of  changos  :j> 


sxaocle  rssistsriCe  to  heat  injurj'’ 


and  ethyl  alcohol  injury, 
a  —  injurif  by  33^'  tejiaoeratare,  b  --  ir. 
tnre  of  34*^,  Along  the  a:d.s  of  abocia|^ 
r.lon  of  modes!  at  a  tempera  tv  re  of  3^" 
ordinstess  •—  ohangs-v  in  the  tlno  of  lo:' 
oontrcl.  taken  a.i  lOOf. 


i  i‘/  '''S  -1-Cobol  at  a  texipsra- 
—  tirne  of  prelirfn.nary  imel- 
(5,n  T’dn,)|  slong  the  ards  of 
of  oxer-.tabilitj  y.z  %  of  the 
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FigViTS  2,  Curves  shoi-n.ng  nee^osiG  of  cells  of  ciliated  brotiCiiial 
opit-heliun  of  the  pearly'  rao.sGnl  ft  5^;  and  l'-^^  after  irradiation  with  a 
dose  of  Ii86  rffiv.  mn./ca''. 

Along  the  kIs  of  tibscisor.s  —  tiivie  after  irradiationj  axong  too 
a:!cis  of  ordinates  —  percent  cf  dead  celie  and  rating  of  conditio  of 
epitheliutiul  —  epithelium  kept  at  15  '  in.  darkaj^sr-j  .  2  ,  epxtne.toum 

kept  at  15  in  light,  3  —  epitheliurn  kept  at  S'"  xn  a;.rkens3,  4.— 
epitl'ieliuni  kept  at  5  in  Ixght, 
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■?igTxr“e  3»  Kecroais  of  cells  of  cilliated  branchial 
of  tbo-pP»^l7  riasscl  at  5^  and  Vy  after  iiTadiation  x-rith  f 
577  J.W,'  rdn,/oai‘^.  Designations  the  sa:aT(-D  a«  in  Figxire  2, 
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Figure  1,  Davelopiaent  of  a  culture  of  Actlnoiiy/cea  airreofacisnsj 
strain  LS-53<J^  on  uiedia  with  so7be£n  grist  ancTll’Cs 'hjxbroljrzata, 
with  Carnor’s  fluid,  Hicrouhot,  ob,i.  ^Ct-:  ap  1,3^  ej-erjaece  IGs,  tnagn, 
200Ccr..  ''■  .  '  '  '  V 

ly  2,  3,  — mediuin  tfith  soybean  ineal:  3.  —  2h  houcE  of  growth,  staining 
with  moth7rl  b?..u3j  2  «-  l|.S  tiom’s  of  growth.,  staining  with  ri-etirrl  b3.usj 
3  —  143  hours  px  groxrth,  staining  with  Gieinsa  *—  light  greori.  It,  5,  6  — 
iTBdium  ^Jith  hArdrolysat®  of  soybean  raeal:  U  •—  Rit  houtrs  of  growth.  st.aining 
with  tnethyl  b3.ue|  5  —  1+3  Viours  of  growth,  staining  w'-th  Tsethyl  bluej 
b  —  UB  hours  of  grcwtli,  staining  acaordin.g  to  Feulgen, 


Figiir'e  2,  Developmsnt  of  a  culture  of  Actlnoir^’-ces  aureofaciens^ 
strain  LS«536,  on  media  with  casein  and  soybean  meal,  i'xjcation  Isi'tii 
Carnpt's  Microphot.,  ohj.  ^Gk  as.  1.  3/ eyepiece  lOx,  magn. 


200CSx:.'\ 

Ij  ‘2,  3,  U  mdiuin  \Ath  casein:  1  --  2i|  ho'orj?  or  gro'trth,  .staining  if-dtn 
methyl  blue]  2  --  U3  hours  of  groirth,  staining  >dth  methyl  biuej'  3  W 
hO'drs  of  growth,  staining  ’.d.th  Giemsa  —  light  gresnj  I|.  —  46  hours  of 
growth,  staining  according  to  Feulgenj  5,  6  —  mediuii  with  soybes.n  meal, 

5  —  i|.B  hours  -of  grovrbh,  staining  t-rith  Giernsa  —  light  greenj  6  —  48 
hours  of  grow'th,  staining  t-d.th  Mothyl  blue.  ' 
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Fic^e  3,  BeTOlopment  of  a  culture  of  Actlnoasgrcec  auraofyiens 
strain  LS-536,  on  TTusdia  with  urea  and  gls^cocolTT  Fixation  vri&  Garony 
fluid.  Hicrophot.,  obj.  9Ct:  ap.  1.3,  eyjipiece  rv'.gn.  ^ 200Cbc. ^ 

3_^  2j  3  ■*“  mediuTti,  with  urea;  1  --  12  hoars  of  growsh^'  stainxng  vjj.'th 
acthjil  blue;  2  U3  hours  of  growth,  stainins  x-dth  inefeyl  blue;. 3 
hO  hours  of  .growth,  staining  icihih  Giernsa  —  light  green;  it-,  5,  6  — 
mcdiiMa  tdth  glycocoll;  1;  —  2h  houi’s  of  growth,  staining  with  methsl 
blue;  3—  U8  hour.s  of  growth,  staining  idt^i  methyl  blue;  b  U3  hour 
of  gro’j-Ui,  staining  according  to  Fuelgen. 


Table  3 


•T 


Inorganic  Fhocphorus  Oonton'fc  in  i-iadns.  bibh  Bifiorent  bourcss  oi 
Nlbrogen  Nuiribiou  (in  snd  Bahavior  of  tha  b  acinar  oiib— 

stance  in  iiycelluin  Culuj  vatcd  on  these  Media. 


Source  of  nitrogen 


Inorganic  phosphorus 


AmmoniuTTi  nitracte  (coiitool)  3»80 

Soybean  in.oal  U*30 

Soybean  grist  '  U»3b 

Peanut  oil  cake  • 

Cassin  •  , ,  Ij  »‘d!i 

Gaseln  bydrolyaate  b*0 

G-lycoooll  3^80 

Soybean  grist  hydrolyauto  3.70 

Leucine  3.80 
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„  Figure  1,  Chringes  in  the  rasistanc©  of  Parsseciuiii  Cau&iti 
to  )4-0,  -^rhen  tr&nef erred  from  15-18'^  to  5-6^. 


Aloar;  the  axis  of  ordinates  — -  survival  time  r.t  UO’  (as  %  of  the  control) j 


along  t!i.e  axis  of  ahsciesas 
to  'to  5-6 (in  hours). 


tiri:©  of  transfer  of  infusorians  frora  1; 
Gionast  1  —  2  — U— “8» 
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Figure  2, 
tf'.e  rsrdstence  o± 
,  Along  the 
control)  j  salong  t 
from  15-18"^  to  5~ 


Coiriposite  curve  (of  four  clones)  jshovdng  cbangas  in 
Faraaecirua  when  transforrod  from  15-1 8^  to 

axis  of  ordinates  -f  survival  tirae  at  (as  %  of  tlae 
he  exis  of  abscissas  --  time  of  transfer  of  infusorians 
6^  (in  hours)/ 
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